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Tablets & lnterne· 
a11owances, lnelud1ng over&ges, must be used 1n billing perlOd l)IO'ol1ded or will be forfeited. Data: Tethering 1s allowedwrth compatible 
devices only wllh SGB plan. Data used by Clevlces connected to a tethering device or mobile hots pol ls deducted from the data 
allowance. Wf-FI: Access to AT&T W1-F1 Basic for Wt-Fl enabled compatible devtees is included. See WttNf pittwffi com 
!http:llwww.attwNl.com/) for ae1C1rtiona1 restnctoons and hotspot IOcauons w1.F1 Basic terms and cond1t1ons apply. International w1.F1 
access 1s not included. International Roaming: Monthly plan prices do not apply to data usage w hile roaming . tf roaming 
outside U.S .. 1ntematoonal data rates will be charged at S0.01~ per KB (C8nada) and S0.019~ per KB (all other 1ntemationaQ General 
Wireless service Terms: Subject to Wireless customer Agreement AC11vat1on or upgrade fee (up to $40) per line &Cleposil may 
appty. An actrvabon fee may be charged 1f conver11ng from a prepaid or session.based plan or when act1vahn9 an add1honal 
dev1ce/hne Credit approval may be requwed Other Month ly Charges: Apply per line and may include laxes. federal and state 
universal service charges, a Regulatory Cost Recovery Charge {up lo S1 .25), a gross receipts surcharge, an Admm1strative Fee, and 
other government assessments which are not government-requ1red charges. Pricing, fees. options, restrictions and terms subject 
to change and may be modified, terminated, or discontinued at any time without noticeCoverage and service not avallable 
everywhere. other restnchons appty and may resutt 1n service term1nahon For full service terms and condrttons, vss1t 
att.comtwirelessterms fhttp:Jtwww.ott.comf'wtrelesstermsl . 

Mobile SI 

GoPhor 

Wireless Home 

Wireless Leso! Cite fhttp:llwww . .,tt.Gomlw!reteute-gall 1 W ire less Customer Agreemen t 1 Cell Phone Records Security thttp~IWww . .ott.Gom/genfpubllG~ff.,frs?pld=13030) 

I Other Monttl lv Charges I ~I Onflne Pricing I 

Returns PoUcy & Earlv Jermjnatjon Fee I Addjti onal Messagjng & Pata Cbarnes fhttel/lsyWwwlrefe-ss pn comOeoroftartlcles.resourcestwfre!ess.1cgq1~shqrq¢s !spl 1 ~ 
ln!ormatjon 

Lagnl Polley Center fhttp://WWW,ntt.com/lega!Jttgial=eollcy-c.enrer.htm1 i Privacy Polley fhttp:/ rwww,att.comrpenrprtvacy-pollcy?pfd=25081 ! Your Chok:e~ fhttp:IJWWw,lltt,com'yoorchokesl 

~ lbttp'll!att !ob10 j ~ fhtm'l/'www.ott eomfmntprtusn : Jeum of U se (http•«wyxwqtt c;omtqcntgtntml?pfd•115§1 1 E 

Site Mop (http:l lWWW.att.comfholTW!:pngeisl te.map.htrN) i Aceesslb llity fhttp:JlwwN."'"41c1ess.att. c9f1\/le..a.m1arttdes-resourcesldlsa~tty.fesourceS1dlsabillty~esources.!sp> ! 
Wireless Emergency Alerts lhttt>'/IWWW:itt somtaonlnubUc~ff.:l!rs?o!d=20107l i Advertlslna Choices fhttp:Nbu1f!tonsos..mgr.tru«•.comf?&typo=:rtt&pld:ATT Publlshol') 

8f90dbpnd lntoqnpt!on fhttp·Vwww·!ttt soqy'!ntmnql!broruttu!ndfnfo> 

© 2015 AT&T Intellectual Property. (http:llWWW.:>tt.comlgcnl prtv:icy·pollcy?pld=2687) All rlgtu reserved AT&T, tne AT&T rogo and all other AT&T mark& coma ned here.n are trademarks of AT&T 
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The MORE Everything Plan8
M 

Our best plan on t he network you can t rust 

10 gigs for $80 a ~~o~ith 
and $15 a month per smartphone line. 

Unlimited Talk & Text 
Don't count minutes or woriy about 
overages. 

25 GB Cloud St orage 
Store photos, contacts and more with 
the Verizon Cloud App. 

Here's What You Get 

Flexible Data Packages 
Share your data with up to 10 devices 
and change tt al any time. 

NFL. Mobile 
Watch football on the go with live local 
and primetime games. 

A Rewarding Loyalty Program 
There are more ways to earn Smart 
Rewards poinls on The MORE 
Eveiything Plan. 

International Text ing 
Send unlimited texts from the US lo 
over 200 countries worldwide. 

2 Steps to Building Your MORE Everyt hing Plan 

Step 1. Choose your shareable data. 

Your month ly account access is the cost or your shared data with unlimtted talk & text. 

VOICE & DATA PRICING 0 ~o 

~~~~,~--~"1.····''''"'·'·'Y."l'.W'''W.WMWMW'.\WWW•"'"""W'l"·'~···'"MW'MW-''""'W'·''Y·"·"'.,.,.......,.,.,..,,,w.·.·-...·.w·""'Y"W"-''"·"'···w ·.w~-'N'MW'"""·· wu•-...•,.,.,.,..,.,.,.,,,,,1 

~ ~ 

I 12 GB 14 GB 16 GB ' 
! 
! 
t 

s6cr I 
-·-·---·----J 

$90" $70" sao· 

< > 

What you can do with 10 GS 

a 30 streaming video or ~!!! 2.000 hrs turn·by-turn navigation or 1$ 30,000 webpages or • 130.000 emails 

: : 
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More Everything Plan • Vcriwn Wireless hup.//www.vcrironwirelc:ss.comllandingpagesfmorc-evc:rythingJ#how-il works 

Step 2. Connect your devices. 

Your monthly line access is the cost for each device that is permitted to use the service allowances included in your plan. 

Srnar tphone:~:> 

Your monthly line access cost varies depending on how you choose to pay for your device. 

MONTHLY DEVICE PAYMENT 
2 ·Y EAR CONTRACT FULL PRICE OR BRING YOUR OWN 

SEE f!OW DEVICE PAYMENT WORKS WITH nm MORE EVE!WTrliNO PLAN ) 

All Data Allowances Shared Data 6 GB & Up Shared Data 4 GB & Under 

$40 mo. $15 mo. $25 mo . .......... _., .... ......... 
line access per smartphone. l ine access per smartphone. line access per smartphone. 

Tabiet·s l··iot Spots 

$10 '.':!?.: $20 mo. $5 ~?. ... 
lmc ocecss per CIC'o'tee line aceess pet de"'ee tine aeoess per de'vice 

. ............ ..... . ' ........................................... . .......................................... ................. . ' ...... ............................................................. . 

Start Shopping with The MORE Everything Plan 

C> 2016 Verizon Wlreless 

2 of !lloener S JppL Deel . Ex. 18 

Shop for Devices 

Choose the devices you want on your plan. 

[ Shop Now J 

Bring Your Own Device 

Already have a device? Activate it today. 

I A ctivate Your Device J 

Freque ntly Asked Questions 

READ F.AQS ' 

&.v ercenng ycu-~ adcftts& «10 &lbn'lltttng thl&forrn ycu-vee to 
r.oeMf9 1ntorma110n, Olfets end pomobOl'I& feg.¥Oll'IQ \4enzon Wwele» 
pooueta ano &t!f\llcff Yo~ • ctu·1o·wtt0ge be-rig at IN'SI 13 ye•&ct •o-

Connect with u5 

8/o/ 15 10.07 AM 



More Everything Plan • Vcriwn Wireless hup.//www.vcrironwirelc:ss.comllandingpagesfmorc-evc:rythingJ#how·il works 

Veri zon Wireless 

Explore Verizon 

Shop 

My Verizon 

Scpport 

News Center 

Espanol 

Phones & Devices 

Smartphcnes 

Tablets 

Mobile I lclspots 

Accessories 

BrandS/OS 

Apple 

BlackBerry 

Oro id 

HTC 

IPad 

I Phone 

Kyocera 

LG 

Motorola 

Nokia 

Samsung 

Sony 

Android 

Windows 

Plans, Deals & Mor& 

Ceil Phone Plans 

Deals & Special orrers 

Free Pr-ones 

Ceniflec Pre-0..ned 

Prepaid 

ln-Store Pick1.;p 

Employee Discounts 

Miiitary & Veterar-s Dlsc.ounls 

Device Recycling Program 

Referral Rewards Program 

!nternatlonal Stuefent Program 

service & support 

Verizon Wireless Community 

4G LTE Network & Coverage 

View Mobile Stte 

Wireless workshops 

Verizon Video Gallery 

Register Signal Booster 

Report A Security Issue 

Order Status 

S.rt:e Map I About Ug 1 Carter$ I Corporare Respon51;b111ty I Hope Line I Verizon lnnovat on ?rogram 1 ? tivaey I Legal Not1Cff I Custcnnet AQ"ee.n'WH'I~ Brochure& 

lmpom mt W 11e!e$s lssues J Radio Frequency Em $$!OM.$ I Avoid Potential Heanng Loss ) Orcve Re&ponsibly I Website Use I Rerurn Po!tey I Aeoess.olllty 

My Venzon Terms & Cond1:ion5 I Oev ce Payment Terms & Cond1~ 1on6- I Con:.ac:t Sales I Utelinel\..in<·Up I About Oc.ir Ac:$ 
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Prepaid Phones & Flans wiLl1 Unlimited Data on the T-Mobile -IQ LTE Network 

CONSU.MER Bl'SINESS 

• Shop 
• Plan~ 

· ~i:!: 
• \Vhv T-Mohilc 

Featured phones 

t ofllloener SJppL Deel. Ex. 19 

http.//""plorc.t-rnobile.com/unlimited prepaid-pl,Uls'!002=2202007&QO.l= l6642167257&0 ... 
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Pn:paJ l'hoocs & f'l3Jl$ ,.;th lJnhm1tcJ O,,.a 011 thcT !\tobilc 40 lIE Net\\ ark 

1 IT<' <mr ~12 

• ;,ho1> all 9blcts & 1nu•rm:t dt.•v1ce:i 

• Brmg \ 'Our own tahlel 

FeatUttd detices 

f.(r<l l'ad I 80 

,\(?pie 1Pad \ir '.! 

Zoftlloe1ter SJppl Ded Ex. 19 811>' 15 lO lO 1\M 
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• Shop al I ac·cr:::s<,ries 

Most popular categories 

3 ofllloener SJppL Deel. Ex. 19 8/o/ 15 lO.lOAM 
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Wcaral>i£ Tech 

• Shop all phon~ 
• Shop all tahlet :md device deals 
• Shop all cc1tificcl pre-owned de,·ices 
• Shop all "unc!le deal< 
• Shop all acc<'R~<>ry deal$ 

WEB & TELESALES ONLY 

SUMMER SHOCKER 
Two days. One extreme discount. 

Use promo code SAVEBIG. 
Call telesales al 1-877-362-6635 or shop online! 

Q ual ifying rutc plan req uired. 

• Plop$ 

• Indjv1dua l rlans 
• F:uni tv plans 
• \ fohile Internet plans 

· ~1!i.~..12!.'!1!~ 

Now get three countries for the price of one. 

Unli mited calls and text to and from the U.S., Mexico, and Canada to any phone-plus-IG LTE data-just li ke at home. 

Lca111 more 

Device. network. and coverage impact experience and speeds, which vary. 

4 ofllloener SJppL Deel . Ex. 19 8/o/ 15 lO.lOAM 
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AND THE U.S. 

AMERICA'S 
FASTEST 

C heck co.-cragc 

~-;~~ $.«;~~~ ,J {"CH~c·;zcO .. Vfi\AG.f ) 
Please enter a val id add ress 
T bc map cannot dispby ibis address. Try again. 

E:.i>and your coverage to i\tc:.ico and Canada at no c:.1:r a charge 

Maps with \•erified cu~'tomer connection data 

An expanded network 

Q1 1! and text wjth WjFi 

• Wh)' T-Mubr!e 
• Nehvork 

·~ 
• Simple Choice Plan 
• \Vi-F1 Calli11: 
• \ ·lu~1c Freedom 
• D:;.ta Stash 

Trapped by contracts and phone payments? 

5ofllloener SJppL Deci . Ex.19 
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Stuck with your current carrier?T-.\ lobilc can set you free. We' ll pay off your phones or tablets with a trade-in credit and Visa® Prepaid Card when 
you trade them in-every last cent. Stuck in annual service contracts? We've got those covered, too. So why wait? Ditch your carrier and their 
switching fee today. Sec requirements. 

Ls•urn ~Jore 

• Dcs i2ncd D:ita Stron!t 
• Check Y<:rur Covera.•)e 
• T· Mphiic Ts·st Drive 

Get the Data Strong™ network 

With T-~lobile, you ' ll experience more data capacity than any other major national carrier. And only T:OMobile offers un limited~ J;fE data on the 
fastest nationwide~ LTE network. 

I .earn m<H(~ 

Fastest L:fE Net work: Based on download speeds. Ca pacity Claim Basis: congestion expericncw; per customer. 

~-i nd c:lose~t stort' 

f;;(,-, c.;;;l<t }',¥-;;Qr-~? E nd <;1mcs Enter City and Stale. or Zip Code c:..:i ,;:;:, 
Soey.W e-;-,-;e-;C'';o1 abte"to find any I-Mobi le stores near that ZIP code. 
Invalid Country 
Please enter a city, Slate, or zip code. 

0 
Set this location as the defau lt one 
S<;t this loca1ion as the dr.fa.uh o n<; 

This bas been set as your location . 
..,.,1 

Additional locations 
r;:::::-----....... r;::-:-...., 

Search L'..'...'.:--· j L~j 
Login BACK TO MY T·.MOBILE BACK TO ~JY ·1 -MOBll..E fil.'lli....!!.12 

• Pciy m\' bill 
• Adt1 a new !inc 
• 1!ill:!:lldc m~ phone 
• Chan~<~ phrn o:t se~vicc~ 
• Gs:1 suppmt 

• Ston' i.A'>C,<l<Jt ~ J v T-M.ohik Pav nw hill Adel :i. new line Up•rade on\' piton~ Chan•<· plm1 or sctviccs (k.1 s uppmt Phone.< Tablet~ & J:)(;"j"'·'-" 

f-\ ccc:-.:o::oci~ Deals Rrinu 1·(lur Own Phou(· Piao~ "TJ1v T-1'1ohilc Nctwo rl... C'ovcraut..• 
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We're breaking the rules 
of prepaid. 

T-Mobi le c han ged everything you know about wireless. Now, fro m plans to phones to how you pay-we're Hipping the script o n prepa id. 

W h y would you settle for second-rate prepa ifl wi reless? 

Say good bye to s low data speeds. spotty networks. and second-rate phones. T-Mobi le is bringing the best in wireless to prep;tid. 

Introducing Simply Prepaid™ from T-Mobile. 40 LTE data and unlimited talk and text for just $40 per month. C hoose from three great p lans: 

• $-1-0 I month for unlimited data, talk, and text o n our network+ up to IOB o f 40 lTE 
• $50 I month for unli mited data, tal k, and text on our netwo rk+ up to 308 o f 40 L,TE 
• $60 I month for unlimited data, ta lk, and text on our network+ up to 5GB of 4G LTE 

Plus, get loads of great services like Wi-Fi Cal ling, in-flight texti ng, and visual \•oicemail. And thanks to unlimited data. data overage fees are a thing 
o f the past! 

So stop sellling a nd switch to a better prepaid experience. 

*Rate p lan max speed of8 Mbps; upon reaching data limits, speeds s lowed to up to 128 Kbps. 

With Sm artJ.>hone Equality™, another rule bites the dust 

We believe cvcryt>ne desen•es a great smanphonc. And Smanphone Equality is the proof. It starts w ith making 12 mont hs of on-time payments and 
e nds with a cool new smanpbone for you at our lowest up-front price. And as for credit c becks. no need to worry. After 12 mo ntbs , we have 
somelbing better than a credit score: history. 

Smartphone Equa lity couldn ·1 be simpler: 

I. Make 12 months of on-time payments in a row. 
2. Get your next smanpbonc at our best up-fro nt price like nothing down. 

T hat·s it. A t T·Mobi lc, we've already helped you break free fro m limits, data overages. and annual service contracts . With Smanphone Eq ua lity, 
we're c learing the path to your next new smartphone. 

Shop prepaid 

*If you finance your dev ice <tnd cancel wireless service, re maini ng balance o n dev ice becomes due. Ava ilabil ity & amount o f financing subject to 
c rcdil approval or consecutive o n-t ime pay ment history. ~'.l ust switch to & remain c.10 qualifying service to finance device. 

With SCORE!'™, w hy pay full price for your smarlJ.>hone? 
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'Vhat once was closed to many is now open: killer upgrades to some of the houest smart phones no matter if you prepaid, brought your last device 
over to T'-Mobilc, o r bought your phone o utright. 

For $5 per month, here's the deal: 

After 6 months, upgrade at no additional cost to an entry-level ~ smanphone. 

OR 

A ftcr 12 months, get exclusive pric ing o n o ur honest~ I.XE smart pho nes-like the Samsun g Galaxy S5. 

At T-Mobilc, it"s you that matters. not how you pay. 

Get started by shopping prepaid phones and add ing SCORE! when you activate or by logging in to My T-Mobi le and adding SCORE! 

She") prq7:tjd l ,?~ it1t9 My T-Mqbj !~ 

*Offers may vary; device availability & pricing subject to change. See H~t for current sample pricing. For full terrns, see_'.~:!.~'.~:.!:. 
mobil<~ pom'sco1etc!rrn~. 

T he Data Strong,.., d ifference 

Today-s communicat ion is bu ilt around data- downloading. s treanting, surfing, video chatting. and more. That's why we designed our network 
d ifferent ly: for data. With T-Mobile, you'll experience more data capacity per cus tomer than wi th AT&T' and Verizon 

Devices you' ll love at prices you' ll love even more 

Prepaid customers can now choose from a selection of feature-rich 40 smart phones right for any budget And wilh several devices avai lable for under 
SJ 00, the news could n · t be better. 

~hop affordahk nrcp;ii<l phones 

The LG L90 shown is $99.84. 

Capable device required for CTEspeeds. Limited-lime offers; subject to change. Taxes and fees additional. Unlimited talk & te:\1 features for direct 
US communications between 2 people. S·imply Prepaid .Monthly Scnicc: Features available until 30th <lay; if sufficient balance, services 
automatically renew at expiration. If balance is insuflicient to renew for 120 days, account will be suspended for 30 days. If you have a balance, your 
plan will convert to Pay As You Go for 30-day increments with $3/mo. for 30 voice mi n.ISMS messages. After your balance is depicted, then account 
is suspended. Ser ,icc Changes or Renewals: \Vhen you switch between plan options or renew a monthly plan , features or credits associated with 
your prior plan option will no longer be available, and you are nol able to switch back to some plan options. Some plan options will not a llow early 
renewal . Gener al Terms: $15 SIM starter kit may be required . Sufficient balance required to use service. Domestic use on ly; addi tional charges apply 
for international use, where available. Partial megabytes rounded up. Full speeds available up to data allotment, incl uding tethering, \\~lb a maximum 
speed of 8Mbps; then s lowed to up to 2G speeds for balance of service period. Cenaio uses, e.g .. some speed test apps, may count against high -speed 
data al lotment or have speeds reduced after allotment reached. Data roami ng only avai lable for the $-IO, $50, and $60 monthly plan options. Roaming 
and on-network data allotments d iffer; sec your selected service for dewils. Some plan optio ns do not permit use of features after incl uded amounts 
arc depicted. If you transfer your number to another carrier, account will be deactivated and no service will be available. Devices sold for use on 
T-Mobi le prepaid service are to be activated on that serv ice, not transferred for resa le , modification, or expon. SCORE!: Prices avai lable to current 
'!'-Mobi le customers enrolled in program. Offers, incl uding device pricing and availabi li ty, subject to change. Q ualifying plan requi red ; Pay as You Go 
and Pay by the Day not eligible. Sec www t-mohi)c cqm;srnrctem1< for details. Smart phone Equality: Min. 12 1110. on-time or consecutive 
payments, fi nanced device, and q ua lifying plan required. C apacit y Claim : congestion experienced; per cus tomer. Coverage not avai lable in some 
areas. Network Management: Serv ice may be s lo wed , suspended, t ermina t ed, or rest ricted for mis use, abnormal use, interference with our 
network or ability to provide q ua lity service to other users. o r significant roanling. t.:rE is a trademark of ETSI. 

C ontact Us 

Contttct 1nt~""'rmation 

Check order stnlU< 

View rctLL01 policv 

Find a ~tnre 

Sup port 

Dt~v1c...e support 

Oo<-... '-1-ion:-; ahout vour b1 ll 

Plans & S«rvicr.s 
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Activillc \'<'Ur l'rrpa!d pbont' or dcvire 

T·Mobilc 

Bnng your busjuc~s up to speed with 4G ronova£1ons, a powerful network. and ffcxibl~ ohms. 

©2002-2015 T·MOBlLE USA, INC. 

• A.lK>J.I 
• !NVJ·A~T<)R 1H:.LATf0~~ 

·~ 
·~ 
• DEt'TSCl!ETELEKOM 
• PUERTO RICO 

• PRIVACY !>()LIC'L 
• !)>!TERF.ST-BAS ED '\OS 
• PRJV,\C-Y & SFC! TRITY RfSCH 'R<'F~ 
• C:ONSI T:\!ER IM·ORMA.T!Ol' 
• PUB!JCSAFETY '9ll 
• TERM:'> & 0)1'DlTIONS 
• TERMS or~ USE 
• A(X"ESS! mr !TY 
• OPl-;t-J Jt>.Tl~RN!ff 
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Sprint has the best family plan. 
Switch to Sprint and get 4 lines w/ unlimited talk, text and 10GB of high-speed data 
to share for only $100/mo. after we waive the access charges. 
That 's more tha n double the data o f T Mobile. And to get this muc h data. you'd have to pay $40 more a month at 
Verizon and $60 more a month at AT&T. All on the Sp rint network. Need more d ata? For just $20/mo. more, you 
can quadruple your data that 's 40GB to share! 

T·Mob1le's unhtmted Simple Choice customltf~ lite stowed up to 2C :ipeecb ctrter 2.S(';B/lme. Comptlling to w1de:lv 
adwttlsEtd femily pla:m: other line/price options evaileble. Competdor plen:1 may include inl'I text/dill & features, d&ta 
cwrv ove1, telhli!r1ng end doud ol)UOns. See cemer W'C!bsit es for det&ils. 

Stuc k with your carrier? Not anymore. 

Sprint w il l pay otf your o ld phone and contract so you can 
switc h. It's that easy. Via American Express• Reward Card after 
online registrat ion and current phone turn in. 

Switch to Sprmt. -choose a Sprint Family Share fJ171ck With 10CB °' AOCE:l of dat.l, and acquire 
you1 devJc~ wfth Spiinl 1:.asy P~1y.' .. l ei.1f>!r11:i1 option. by puyh1g lull MSRP 01 by b1rn9l11g youi owo 
t:ompMlblP. device Wawltlwa tveth.eaeeauch.argeaon f lrat4 llnaa for a& long • •you remain 
on a Sprint Family 9 haire " •ck pla n with 1008 or 4008ofdata. 

Hurry - this is a limited time offer! Go to the nearest 
store, visit sprlnt.com/famllyshare, or call 800-SPRINT-1. 

Switch lo Sµlint r1ow on hi$)' Pi'.ly 01 lcuslr"lg opUor1, ood we' ll oovc1 you1 switchi1"lr;J fcL.-s via 
A111c1lc~m 1:.~p1 c1-t" Reword Card. 

f.($l.Jpto4 iOi:+I d e\lfoesonSpr1nt Fnm11yShnre P<1ckw1th 100Sor 4006fhnrect ctn.1/rno C.1$omeJSr.<'ln 
(IC;ftV;ite up to 10 l ine!· I lne'- S-10 ~tty (llc1 t11t.tnn;iil drit~ ~~S(. ehn1ges. Require ... d evfc:e!. hP ;iir,q 1)1rei1 via 
Spnnt F.~y P3';'. l~!lnR option. by p3'j1ng full MSRP or bring your cy.vn c1P.Vir:P PhmP,!. rP.qulrP. m1mbP.r 
s.wnch to Sprint. lablct'.;./M88~ 1 L>ttui1 c nt:"w tine ol ~.,vice. RcQ!Arc., one active µ10r"1c lil~c f)L'I t.1ccou1tt. 

All p1icfng and cli.1Ul ul o.,vwiecG ubwc iltC pci 111orHh.0 Rcquhus u .. <gl~tratfon t.1l sp:lrH.com/(olf1Spti11t. 
RP.e;trf(:tf~ ttpply $P.P. ln·More f0t more ctet:rtll 

... M onthly lane paymentg exc lude taxeg (varie6 by area) . Monthly c huge5 e xc lude t axe& and 9print 9urch• rgeg [i nc l. U9F cl'Mu9e o f up to 17:1% (vuieg q uattetly) , up to $ 2 .60 Adm in .. and 40e 
Reg./tine/ mo. • nd fa.a& by are• (approx.5- 20%)] .9urchar9e& are nottaxe&. Saa &p,int .com/taxa&11ndfe8ili. 

limit ed T ime Offer. Activ. Feei $36/llne Cred it approval req~ured Up to A llnP<> for l•.Jst $100/rnonth Family Share P• ck1 No dlsc;ounrs apply to .1ccesr; r,harges Includ es unllmlted clomes11e I ono DIM.1nce 
oallfno ~nd tP.xting o .1t<t :tllow:tncP Includes 1GB. :>Ga.. 4G6. 6GB. l ()(jB. 40~B or G0~8 of !.hared on·network (I.a t,'\ us:tge depenc;lfng on r:.elect1on nnd 100Mfl otf·network dat:t U!.:tge A.d-.1'1 on·network rt~t<t US>ilOf!· 
1.6¢/MB. Adtl 'I 0(1 f1ulwo1 k d u Lu for loibh!l:>/M6 8s: 2!>t/Mti. II t.vnllicting sh.:trc dul.:t allow011'JC::l.)s arc 4!pplict'.l to un uccount. lhc majo1Uy on accourll 01 f'fl~l rc0'1rH c:ha11gc ma.y be .:ipplfL"l.1 lor ul l lfrtC$. Mobflc: Hol$pOl 
U{..1g.P pull~ from your d.un :tllmvances Thlrd ·p:trty conten1/downlo.1cts ilre arlt1'1 chnrge ln t'I svn!. are n011nclud ec1 Max of 10 phone/tttblet/MSB line!. Mobile Bro.3cfbanct device!. exch1ctes I 3ptop$ nnd notebook 
computer$ Acce&&Ch•rge Waiver· Otter is for:. hm1ted time Ch(lroes walvP,ct foi up to 4 total device!. All phonP line!. mu!.t be potted from an acttve w1relest. line at ;mother otirr1er .1nct rP.m.1ln .1ctivP :.net In 
good standing. Devrces must be acquired with $prim easy Pay. leasrng optron. by paytng flAI M5RP or by bringing your own compatible device. excludes 11 • Corporate·Uable. upgrades. replacements and pons 
m.-idc between S,:.11ir'll entities or µr ovitlcr s ussociatcd wflh Spr Int (i.e., Virgin Mobl1c USA. Boo'il Mobile ontl A-:.surancc). Muy rlot IJc combirwbtc with 0U1c1 ol le1s. High 1pcetl d ata f$ 3C/AC, U&age limitation&: 10 
ln'lp1ovc d i.Ila cx.pc11cncc fo1 the muJOrlly of usc1s. th1oughpu1 rnay IJC llml lc t'.I . vu1ic1.I 01 1cduccd Orl the n ctwo1k. Sp11n1 mi'.ly tcunmiJtc ·~c 1 vlcc If orr network l'Oiltf'ung usagL> lf1 i'.l r'l'IOnth L'X.CCNh~ (1) 800 m in. 01 o 
ml'lforf ty of min . Qt(:>) lOOMR or :rt ml'lj Orfty o f KO ProhlbftP.rl nP..twork uee rulP.!'.- ~pply-!".Pe <!.prim com/t~rm!'l.tlnc1(:onr1ffiont1 Spr int [aay Pa~ RP.fl 24·mo rn$t :rtllmem :!lfJff!P.me.nt. 0% APR. :rtnct riuS l fylng d evl<:e ~nt1 
service pliln. lfyouc::ancelwire le•s&ervic::9. r•m•inin9 bal•nc::9 oodevic:e b~mesdue. Pho n• L•.a-.eA9r .. ment: C1cdll App1ov;.il 1cq. 'lc1m:.o fot .:ill other customws wrn vil1y ltlcludl11g aroouut due ut :;f91,ing 
& UJx.c$/lt:-cs. H.cq. quolllyfng device & ~c~vicc plat •. No t:'(Juiptncnl sL>curlty t'.h:po•;it 1cq uhl.'d. Uµon cOJnplctiol't ol lcasc lCt 1il. cu'.>tomc1 can continue: lo pc1y 1r1onlhly lease arflou1\l. pu1ct1ast:> or tC'lu1u lt1c d l.'vicc. 
Gu!;.tomPr I!> re$f)On!.ible for Insurance and rep.air!. Early t ermin•tion o f laa&e/&arvice: RP.mi\ln1nn lea~"e pnymP,nt& wdl bP cf~1e lmmediilt~ly. :.ncf req uJrP!. ctevlce return or n~ment of purchM.e option d evjc;e price 
In lease. COntrec:t buy Out O f fer : Consumer. SDP and CL Unes purchasing a new device wftl'\. Sprint Casy Pay. Sprint Lease. I Phone for Ute Plan. at full MSRP. or Certified Pre~OWned and porting the new lfne on a 
service plan. Amount baS-ed on L l l (early termfnatron tee> charged or remaining balance on lnstall·b/11 devrce (excludes prepaid devrces). All llnes mus.t be ported trom an active wireless lfne at ano1her carrier and 
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The latest generation of smart 
devices and USB data modems for 
mobile computers has created 
explosive grov11th in network data 
traffic. In pa rt1cu1ar, mobile broadband 
via High Speed Packet Access (HSPA) 
has led lo a s1gruf1cant rise 1n the 
number of subscribers and the amount 
of data they use. The volume of data 
traffic earned by cellular networks has 
already exceeded that of voice traffic. 

I lowever, managing the ongoing 
growth of data traffic 1s a s1gnlf1cant 
challenge for communications 
service providers (CSPs) who need 
to undertake careful planning of ti-.e 
network structure to achieve the 
performance that data se1v1ces 
demand. 

I his paper analyzes the maximum 
radio capacity of mobile broadband 
solutions from the viewpoint of traffic 
quality vs. traffic d1stnbut1on over t ime 
and location It suggests that user 
data rates can be improved by adding 
macro sites 1n hot spots, deploying 
six sector sites and implementing 
quality of service d1frerent1at1on. 

Secondly, the paper gives a high level 
view of the cost or mobile broadband 
services, taking into consideration the 
volume of data traffic per user and 
the number of act1Ve data subscribers 
per site. The key finding is that monthly 
network Capital Expenditure (CAPEX) 
and Operational l:::xpend1ture (01-'l:::X} 
can be kept below 3 EUR per 
subscriber over an eight-year 
depreciallon period. This is true 1f the 
average mobile broadband penetration 
1s at least oOO subscribers per site. 
and 11 subscribers use less than :.! Ul:I 
per month . 

"": .. 
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I his section uses typ1cai traffic 
d1stnbut1on assumptions from live 
networks to estimate the maximum 
network capacity with I !SPA and Long 
f erm f::volutron (LI f::). r he 1ntent1on rs 
to derive an approximate value for the 
maximum number of subscnbers that 
can be supported by a specific base 
station site density with given 
spectrum resources. t-1gure 1 
illustrates the estimation process. 

High Speed Downlink Packet Access 
(I ISDPA) terminals send a Channel 
Quality lnd1cat1on (CQ!) to the base 
station every few milliseconds when 
they are sending or receiving data. T he 
COi 1nd1cates the maximum possible 
data rate that the terminal can receive 
with an error rate of less than 10%. 
CQI repo1is are used mainly for link 
adaptation and for packet scheduling 
algorithms, but they can also be used 
to estimate the maximum arr 1ntertace 
capacity for network dimensioning. 

Hgure 2 shows an example CQI 
distribution over tr.e whole network. 
f-or reference, CQI lo corresponds to 
approximate~/ 2 . 2 Mbps, CQI 20 to 
4.9 Mbps and CQI 25 to 8.3 Mbps of 
HSDPA througlipL.<t. I hese throughputs 
assume that the cell 1s carrying only 
I 1SDPA traffic and no WCDM A 
f~elease 99 traffic. I he median CQl 
value in Figure 2 is 21, which 
corresponds to bJ Mbps t11roughput. 

System level packet scheduling gains 
can increase cell tt1roughput slightly. 
so m this example we assume 6 Mbps 
average cell throughput, w hich means 
6 Mbps per 5 MHz carrier per sector m 
HSPA T he CQI values are affected by 
network planning, by the level of 
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other-cell interference and by the 
performance of the terminal receivers. 
For LTE, we assume 35 Mbps cell 
throughput for 20 MI lz bandwidth. 
which corresponds to 50% higher 
spectral efficiency than with I ISPA. 
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A margin 1n network dimensioning in 
the busy hour needs to be reserved 1n 
order to guarantee low delays and 
reasonably good data rates. In this 
example. a maximum 50% loading ot 
the CQI values over the busy hour 1s 
assumed. which leads to an average 
busy hour throughput of 6 Mbps x 
50% = 3 Mbps per cell in HSPA and 
17.5 Mbps per cell in LTE 20 Ml lz. 
r he !:>0% margin IS not constant but 
depends on !he targeted user data 
rates and on the appllcat1ons. 
If background download applications 
are mainly being used, the busy hOLlf 
loading could be more than 3 Mbps. 

Traffic is never equally distributed 
between sites. In a network, several 
sites will provide coverage, but will 
not be tully loaded. Figure 3 illustrates 
an example trafftc distribution during 
the busy hour in wh!Ch 50% of the 
traffic 1s earned by 15% or the cells. 
In estimating the maximum network 
capacity, this paper al\vays assumes 
that it is those 15% of \t)e cells that 
become congested and limit the total 
capactty. At the same time, 85% of 
cells are not congested. 

Network capacity could be improved 
by adding cel l Sites to the congested 
areas. The traffic distribution depends 
on the networi< deployment, country 
geograpf"¥ and number of users. 
Typically, more users lead to a 
more equal traffic distribution 
between sites. 

Traffic is also not equally 
distributed over a 24 hour period. 
I he busy 11our 1n data networks 1s 
typically in the evening, but data traffic 
1s also generated during the night. 
t- igure 4 shows an example traffic 
d1stribut10n 1n which the busy hour 
carries 7% of the network's daily traffic. 

$h3reoJ l<9lll!' 

t 

f 1yurn :1 f xample lrulhc chsH11Juhon 1.>0-twuen t:tills 

~ar~ot:lall)ltmlll(, 
7% ,-~~~~~~~~~~~~~~~~~~-:-: ..... r::::::i 

OU'J WOO l:'.!J() 111.00 

Figure .w. Exc.mplc traffic d1srr1but1on <Hern 24-hour period 
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1-igure o shows typical l::uropean 
spectrum resources. HSPA 1s 
deployed at 2100 and 900 while LTE is 
used at 2600, 1800 and 800. The total 
amount of spectrum 1s assumed to be 
2 x 70 MHz paired spectrum per CSP. 

Now, let's make an example capacity 
calcutation with 10,000 and 20.000 
base statlOn srtes, each wrth three 
sectors. Such a network would be 
typical or a large European country. 
It 1s assumed that each subscriber 
consumes an average of 5 GB of data 
per month 1n the downlink and uplink 
together. which 1s more than a typical 
user on an HSPA network today. 

The capacity is assumed to be 
downhnk limited, while uplink use is 
assumed to be 30% of downlink use. 
This corresponds to 3.8 GB of 
downlink data and 1. 2 GB of Llphnk 
data. I-or reference, typical voice use 
is 300 minutes per month, which 
corresponds to 36 MB of data in the 
downlink wrth 16 kbps equivalent data 
ra te. Therefore, voice will be a minor 
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Spectrum CurrQnt 

Hgurc S. Assumed spccll um resources 

part (1%) of the total traffic, but voice 
requires strict Quality of Service 
assurance to provide low delay and 
low error rate. 

I he maximum number of subscribers 
is estimated by lhe following equation: 

~ , ... 
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Figure 6 shows the results. With 
10,000 sites, the radio network can 
support up to :;, m1111on data subscribers 
with I ISPA and up to 22 million da1a 
subscribers with HSPA and L I t: . 
With 20,000 sites, the capacities 
would be 10 million I ISPA subscrit)ers 

and 4o m1111on with I ISPA and Lf I::. 
Typically, existing networks with 10,000 
sites have of the order of 20 million 
voice sL1bscnbers, while networks 
with 20,000 sites have 40 million 
subscribers. 11·1ese calculations 
1nd1cate that HSPA and L 11:: radio 
networks with typical spectrum 
allocation can provide 5 GB of data for 
ail ex1st1ng voice subscribers. 

Another way to calculate capacity 1s to 
consider user data rates. Let's aim for 
a minimum of 1 Mbps user data rate. 
A so-called overbooking factor can be 
used to take into account the fact that 
only a small proportion of users will 
typically be downloading data at the 
same time. 3.8 GB of downlink data 
per month wrth 1% busy hour share 
corresponds to 20 kbps average data 
rate: per subscriber during the busy 
t)our, wl11ch 1s equal to an overbook111;1 
factor of 1 Mbps/20 l<bps:: 50. 

User expectations for data rates 
depend on the market, as well as the 
application and terminal be;ng used. 
Markets wrth h19h wrrel1ne broadband 
penetration tend to have higher 
expectations for mobile broadband 
data raies, while users 1n markets with 
poor wireline broadband availability 
may be happy wtth lower data rates. 
Therefore. the dimensioning rules 
need to be adapted to market 
condrt1ons. 

Figure S. Maximum nurnllcr o f brouell:>and subscribers, c.:ctl 
consuming 5 GB1)11ontll {u~ing spectrum allocatton from Figure 5) 
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rh1s section estimates the cost of 
mobile broadband capacity and uses 
the following assumptions: 
• I ISPA and LTE radios are 

considered with m1n;mum 
configuration of HSPA 1+1+1 (5 MHz) 
and maximum conf1gurat1on of 
HSPA 4+4+4 @900 (5 MHz) and 
2100 (15 Ml lz), and LTE 3+3+3@ 
800 (10 MHZ), 1800 (1~· MHZ) and 
2600 (20 MHz). 

• The network CAPEX ranges from 
40,000 to 4or;,ooo 1::ur~ per srte
depending on the configuration. 
I he minimum CAPEX corresponds 
to HSPA 1+1+1 configuration, while 
the maximum CAPEX corresponds 
to I ISPA 4+4+4 and LI l: 3+3+3 
configurations. TM CAPEX per site 
1s assumed to be linear with the site 
capacity. 
CAPEX depreciation occurs over 
8years. 

I he annual OP!::X ranges from 
8,000 to 80,000 t::UR per site, 
depending on the conf iguration, 
inclL1ding backhaul, site rental, 
power consumption and radio 
network software and hardware 
maintenance. r he O Pl::X 1s clearly 
higher than CAPEX depreciation, 
and therefore, rt 1s essential to 
m;n1m1ze network OPE:X. 

• We assume tt1at 100% of OPEX is 
allm~ated for data but, in practice, 
part of the O f'l::X could also be
allocated to voice traffic because 
the base station sites also provide 
the voice network. This would make 
the data cost lower than that shown 
111 the calculations 111 t111s paper. 

• Site configuration 1s selected 
according to traffic requirements. 
I !ere. the same traffic distribution 
as in capacity calculations is 
assL1med, in which 15% of the cells 
carry o0% of the traffic. 



Figure 7 shows the cost per subscriber 
as a function of subscriber density per 
base station site. 1-igure 8 shows cost 
per gigabyte as a function of mobile 
broadband penetration. 

Subscriber density is the average 
value over the whole network. If the 
average nu1T1ber is, for example, 
500 subscribers per site, there will be 
sites in tt·,e network supporting 
1,000-2,000 subscribers, while many 
srtes w111 provide mainly coverage !'or a 
few subscribers. 1-igure 8 assumes 
that tt1ere are, on average, 2,0QO voice 
subscribers per site. 

The CAPEX + OPEX per subscriber 
are relatively high w hen the subscriber 
density is low. The cos1 reduces 
when there are more subscrtbers 
sharing the costs. Wrth at least oOO 
subscribers per site eac~1 using less 
than 2 GB/month, the monthly CAPEX 
+ OPf::X wtll be below 3 !::UR per 
subscriber If the average data usage 
can be kept less t l1an 2 Gl:3 and the 
subscriber density is very high, 1t is 
possible to push the monthly CAPEX 
+ OPl:X below 2 EUR. If' t11e Site 
rental and backhaul costs are partly 
allocated to voice, then the month~{ 

CAPEX + OPEX For broadband data 
will be even lower. 

I he cost of delrvenng a GB of data ts 
highly dependent on the network 
utilization. If total data use is htgh, 
either due to a high number of 
subscribers or to high use per 
subscnber, the cost per GB can be 
below 1 EUR. Figure 8 shows that a 
cost of less than 1 EUR can be 
obtained with 40% mobile broadband 
penetration and:!. Ul:lfsub/month. 

·····,·.·.· ... :·: 
;:;:::::::::::::::::::::::::::::.;.;.·.·.··· 

r 1gurn / Nelwm k C Al-'I X + OP! X per sul.J per mon!h 

~ 1 O GBlsutil'nonth 

8 !l C~!J/Sub/monl h 
~ 2 GB/sub/111onth 

,5 ; (;l;lisull/mor~ h 

~ 10 GEl/sutlmonth 

:8 !:> GfJisut)/month 

~ ? Gflisub/111onth 

9 '! GB/sub;monlh 

H000000o.O.o U00Uh00.0 .00UU•Uuoo0000.0 ... UOUU000·0 ·0 ... U0000U00000o.O.UOUUo0o000UUUUu00000UOUUUo0000·0 ·0000U000U0000 :~: 

t-1gure 8. NetworK CAPl::X + OPEX per g igabyte ot data 
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A few notes on the cost calculations: 
I he most important factor 1n tr1e 
cost calculations is network OPEX 
because it is typically higher than 
CAPt:X. I he largest contributors to 
OPEX are backhaul transport, site 
rental, network maintenance and 
electricity. Other OPEX factors. like 
customer acquisition and 
marketing, are not considered here. 

• It is essential to minimize OPEX by 
using efficient Ethernet transport, 
for example l:thernet based 
microwave radio, fiber or DSL, 
and by re-using ex1st1ng base 
station sites. 

• The mobile broadband cost 
depends on 11ow the site and 
transport costs are shared between 
voice and broadband data. 
The relationship between cost and 
traffic per subscriber is not linear. 
If the traffic per subscriber grows 
ten-fold, the cost w1111ncrease only 
two- to three-fold. This is because 
the radio networks must a~.vays 
provide basic coverage even 1n low 
traffic areas. When the traffic 
increases, the low traffic areas do 
not need capacity upgrades. 
Furthermore, many cost elements 
1n the high traffic areas remain 
s1m1lar or grow only moderateiy 
with traffic volumes. Such costs 
include site renta l and backhauling 
costs. In other words, high data 
penetration and high data usage 
leads to lower cost per GB. 
Therefore, CSPs with a large 
market share will benefit from 
economies of scale. 

Hoeller &.1 pp!. DecL F;<. 22 

• LI l: w 1t11 new spectrum allocations 
1s efficient tor carrying higher 
traffic volumes. The benefit of L.TE 
becomes clear wt1en I ISPA 
spectrum has already been fully 
utilized and further HSPA capacity 
would require new and costly base 
station sites. 
Sufficiently high LTE terminal 
penetration 1s neecled to offload 
traffic from HSPA to LTE. If LTE 
terminal penetration is low, it may 
be more cost effective to upgrade 
the capacity of the existing I !SPA 
network than to deploy an L I E 
network. ··: .;: 
Small femtocells can provide a J( ) / 
s1gnif1cant capacity offload from::::::-

the macro network, If marketecuo. 
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Published on FierceWireless (http: //www.fiercewireless.com) 

Report: U.S. consumers 
swallowed 2.5 GB/month of 
cellular data in Ql on average 
May 19, 2015 I By Phil Goldstein 
U.S. consumers on average chewed through around 2.5 GB of 
cellular data per month in the first quarter, according to industry 
analyst Chetan Sharma, up from an average of 2 GB per month at 
the end of 2014. 

"In the U.S., it took roughly 20 years to reach the 1 GB/user/month 
mark," Sharma wrote in a research report. "However, the second 
GB mark has been reached in less than four quarters. An entire 
year's w01th of mobile data traffic in 2007 is now reached in less 
than 75 hours." 

Sharma's figures are roughly in line with those from Cisco 
Systems. In its latest Visual Networking Index Global Mobile Data 
Traffic Forecast rep01t, which was released in Feb1uary, Cisco 
found that in 2014, consumers in North America used on average 
1.89 GB of mobile data per month in 2014. Cisco thinks that figure 
will surge ahead to a little more than 11 GB on average in 201.9. 

According to Sharma, data made up 62 percent of all wireless 
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carrier service revenues in the U.S. in the first quarter, up from 60 
percent in the fourth quaiter of 2014 and around 50 percent in the 
year-ago pe1iod. 

Data usage is dearly increasing, both in the U.S. and other markets 
around the world, but more and more consumers are likely going to 
be offloading that traffic to Wi-Fi networks, according to a new 
rcp01t from Juniper Research. 

The research firm reported that mobile data traffic will reach 
nearly 197,000 petabytes by 2019, equivalent to over 10 billion 
Blu-ray movies. However, the research firm found that only 41 
percent of the data generated by smartphones, tablets and feature 
phones will be carried over cellular networks by 2019, with the 
majority of mobile data traffic offloaded to Wi-1-i networks. 

"Cettainly, video is forming an ever-greater propo1tion of network 
traffic. For example, Juniper Research anticipates that video traffic 
over sma1tphones will increase by nearly 8 times between 2014 
and 2019", Juniper Research analyst Nit.in Bhas said in a 
statement. 

Video currently accounts for around 60 percent of global IP traffic 
and, in some developed markets, this propo1tion is likely to exceed 
70 percent in two to three years. In 2014, data traffic generated by 
smartphoncs, feature phones and tablets in the Far East and China 
exceeded that of N01th America for the first time, .Juniper repo1ted. 

For more:- see this Chet.an Sharma x~p_q_n - see this .Juniper 
Research releaseRelated Articles: Verizon criticized for posting, 
.hlQgJ.h~1.~mg~~J;~ ... £~1~t~>-.m!~rn .. Q9. .. rn~~-·1Y.mJJ .. Q.t..n~~.~t1mlin1it~~i 
dataPew: 64(~/(, of American adults have a smartnhone and !Ol7o ·······················································-···················-·····-·-·········-·····-·······································-·····-..:.:····-····-······.:\ ...........................•... 

I~~Jy.~m .. i.Lfm:..1Jwi.rJ~IQ.~l~H~.mJ~ty.QJ}g9.ytiPnR~rn9ItJ;J,J~ ... ~iTiT~!UtP 
mobile data consmnptionEricsson: 1 ;·acehook,_Y m;!Tube, Netflix, 

.lJ!:~J;!~Jn ~~ml S.mm~ha.LnE1kG_1JJ/ __ tIJ <Jh ~!f U.S. rnqbil~ q,P-l? 
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tra1TicCisco: N. Ame1iqm mobile users to ~ach consume '-~round 11 
GB ncr month bv 2019 - --- -!:'.. _________________ _ 

Source URL: http://www.fiercewireless.com/story/report-us
consumcrs-swall owed-25-g bmonth-ccll ular-data-q 1-av cragc/2015-
05-19 
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~::x·rr· lJ+ ;'\ft:.:. (:;; ! r·pry·1-:"\f\j 
~ ... / '-..- \._. '· l I '-· ..... -' \._..( : , f , (..~ ! )' 

is c~rhdng t~·1E~ \.~<;\1~:-!op~Y?E!nt r;f 1-h~tc:og~~ne(~us Net\.'V()?·ks (i-{etN~7Jt'~;}, P. 
:"i::ngt:- of d~fff:fE'.t: t F<ad~o :~ccE~s~; TE:ch:·:c!ogit:s ~R.~\T~: f'rorn 3(.;p;:.· (:r:d H:.EE 
~;u cr: <::; \;V~ ·-FD vvil i r.1il CC} ·-E~>:i~;t, and n:ac;-;:~ ct?ns v\1iii b~~ c:ornp!E:rr:~~rrtt~d 

by a rnu;titurk.: Gf srr:aH~~r :.:.:el!s: s=Jch ~~~; rn~cro/p;co BTS {bast~ 
stnt io~~~; }l iG\~· pG\.Vt:'i' rt: :T:Db::- rad:o hi?~ld~: (f~f~i~; t-2nd r~:rntD CE:Hs. Such 
h~~tE:rog~~:-H~o:.:s syst,::n~::: \:vin bf~ !;ign1fcant ~y rno:t~ cor:-~p!ex to d~~p~G'/ 
t'ht~n today··~: n~:i:;;vcfk:; and \:Vi;: there~( ore requ~re ~;:~r: ple and rohu~;t 
deplcvrner:t ~:i::«rt~:gi,~:s. 

!nvnlvi~s extr::nd~ng '2Ddsting rna;.::ro b~~s;~ stat;cns ~ fcH· t~x<::-r1plf:!: u~:~ng 
k)\<--,:er fr~~qut: nc:y b ~~ r:d5 ~;uch ~~s U ~ ... ~TS.8 S0/9 00 ~l nd LT'E7 00/000 ~')5 
vv·r;:1! ·~~s depioy:ng ~: rc;~~ji c,;:!is :n key :ndGG( 1 oC~it!c:r::> or for in-·fl~ l. 

~ The next :;tt:p 1~; i:() :nt:.T~:c-:s~: c:~~p~1<.: ity u:.;;n_g ~:dcHt ;'Gn<:1 ~~p0ctr :Jrn 
(::.u{:h a5 2 600 :-..·n iz or n.:-fa nY~ ;:·~g of 1800/.1900 f·11l ;z), iippiy;ng 
hfghPr sE:r ... :t~.~rizatk::n <lnd '~dd ~ng rncr::..: rn~~crn tP!SE: s~:ati()n~. 1'his, 
CQrnb~rH~d vv!t:h ~;:te r-E:n~:vv~~ i .. fD r f;:>:~::rnp!e. by upg:··~:d:r:g \~i~th F~Bdk; 
.:\ntt~n:·1a Systen~ (R.t.\S) or !~c:tivt:: ;\ :·1t~nna S.y:;tt~:-r:s (Al~S). ;;vni 
rn:'n i n·:!zt~ ~~ dd~t~onai sit·e acqu l ~; i ~ion iupgr-ade co~:t~;. 

~ C)nc<~ t:H tht!'se nit~t:su re::: havl!! b~~~n exhaustt:!d, opi~~rtjtors -shou1d 
(~~: pk}y ,:·, :Jtdc~or ~: nd :· n\'..i::.)()r b~is~~· st;::t:ons to c:~:att~ s rr:~i n~~r ~~:;;~ 
in congt~str:~d nt£:i:\tvGrk 3;·t~~s . for E:xarnplt? hot zonE:E~. Thi!?Y r:t?:E!d 
to e ns~.E·e that t'h fs net\:vork cjens~fi (:atk;n :\ ';VeH rnan~ged anci 
int~:griit•~7~:! \:V~i:h the t:x.lst;ng Si :1gle fX~:dio Access Net\~1•:1:· ~~ tP;.\NJ. 
Ft~<:turt~ p~~t~ty of srnaf ~ C:i~l!~; '-~·\.:;t;·: th~~ rr:acrn ct~Hs fs ki?Y tG t~n..::bling u 
~;~~a:-r;k~~;:~ us~;;- exper ience. B~;1=o re adcj !ng c~~paci~:y, ;)o~r: ::.~ opE=rators 
vvHl depioy· ~; :-n~~n c';:lls fr: ~:t rat~:~~~~i: outdoor and public lndoc:·r 
lcc:~t lons tn ln~provt? i:ht?> l;ub~:c:-ib ~~r ~:-:>:p t~ rit?:'l Ct? in ki?Y i~ tt~.:::s. :;uc:h ~~s 
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~·~·r1.1llr 
~~ ··~: recoo;mended 

*~ Re;~~vner:d~<: 

-k,~ ~ ::~~~::~:n<>1n 
't;(~· Po111dv 
*~· rec~mended 
*: ~ Rcm;mrnencii>d 
• ~~ t~nl)' in sporn1I ~';</ '* ~ sctnari~i / 

This ~:-.. 1;·:;t~~papt~r nutnnEs k;:~y dt~p!oyrnt~nt strat(~g~~~:; i:cr H~r::N~~ts and 
expl<:::-t) h{)'JV f~ok~a ~~etvvGr~s can h~~~P nperat\.I!'!) add :-·<~::;~: therrt lr 
::Es~:u:~~:~~~; ho~v tG de~.ign roadn·:~~p:; to e .. <r::and th~~ n~acrc l ;_~y~~=- {~nd hrj\:V 

i:{! u:::~? o:.d:door ~nd ;r;door ~;rnai! Cf::li it·:y~?r~: to h<1ncH•:: ;ncr(?t:s~ng traffic. 

Ce!tuiz:r c~l!ta t raftk: ha~; tr.:kE:r: Gi:~: rapidly sfr:ct~ H;gr: SpE~Ed P:~c~~ Pt 

f\(:ce~~5 (HSP;\) \·va:~ iaunch~~d. cidvr~n by t r-:e ;ncreasi:~g per:t.:t:·ation ~;f 
srr:artphcnE::; ~}nd tab~t~ts. [)ata tr<:fF!c fs :::xp~?ct~?d to cont~nut: i:c grD\N 

si~~n:'f1cant!v O'J'~~:- thi~ -::orn!ng year:~. 

!O 
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Tht~ NGk~o N~;tvvo:·k~; tr·~~ ·Ffl c. rnod~: l is ba:;i:d o:~ tht~ fo~lo~'. ... fng thn~£: Si:T:pl~~ 

:~SSUfr:pi:~o :-;;;· 

20?0 .~rid L026~ !\ ~;kr:plt~ and v\·~~~n knc~\t'./t~ d{!~p i oyn·:~::r:t st~·c:te~~'{ \.\ .. iH bt~ 
'iitai !f ~)p~·rfftGrs a~·<;: tG plan and insta ii ~·: ne·t\*.lo :k th .:~t can cGp\;: \-~1t~·1 thi~~ 

()pE':·t:to:-:; can chc:o~:t? -f:·o:-n c: \.\11d::: :- c~ng~~ of deploy:TH~:-:t opUons, 
b~;gi:-:rdng ,~,..~th fu!; trtfn:.?·{:t ;Gn of the ~~ :<f:;t!ng r:1<:crG !ayf~:· and d~~pkYy·n·:i~nt 

of Long Terrn f:\1G;ution U.TE). Srn;.~; ; cr~!is \:vill b~: rE:quired tr; <.~dd E~xtra 
ca pa~: ;t:y to c!t~a~ ~:\1:·t h h·icr,:: :-~~=~:d grDv'.rt h ; n !:h~~ rr:~~an·t ;rn~:~ fv·: NC) rH::E·d 
t o C•)!·:tir:ueus1y seek tc: <:::qufre r;1r.-,:·~~ spec:tru:n & ,_rt~i~ZE:d LB'1iic~~ns0d 
:·;.pectn.: 1":'1 ~·vi·:;;;··n n;·quired. 

c1Jveragt;.; ~·~r:::~: : SP/~ ~n der~~:eiy populirt~:d 1.Hbi~n ar·~:~s. f..:: iiny iJ i:H~ r~~tQ:-~~ 
ht:\/i~ a:~~~) d:~pk:y~~d L':""f.·: :n dt?nSi? urban <~rr~a:;; ~~nd scn·:t? havt~ dt~pk~y«.:.:d 

LrE ir~ :-ur;,~i ~:reas t(t ~::xp~cH: th,;: d;gftai divkk;:nd, :::sis th~; Cii5;t~ in (~e~rni·lny 

()tH? o~: i:ht~ k'HY t~lt~n·:t~nts to C()p0 v..tith lncrr~as~ng ~:r~rh<k: 1:; thP high~:t 
:;pect1«·d effic!ency p:-c:vided by LT'E cornp::-:red te HSPt~ :::nd C·JSi'-'1. 
Tt':t~n~fon~ , th~~ fir:;t str:~p i:;. t~) di!:F:;~·::y LTE 'f,thE:ti~ pns:;.ibl~~ ~ :.~ :;.k~g t:hP LTE 
hand~~~~t r~:-netrdt'ion ~n thE: ~:..ub~;cfibE:r b;:: :~~:. A~; Gf ;.:0·14 i:h::~re an:: l.~97 
rniilfon tJE ~;ub~:cribt:r:;. :~nd LTE hi:s a g!oba! pt:-nt?trat~~)n of approxi:":'t~i:~?~y· 
7l}'C. :.:rE t::nd LT}:>.t~rhn~:nc<.:;d c:re grcr .. ving rap i:.:.~!y t·hro:.~ghout 1:h~~ ;,:vcr;ci ·~v:th 
an annual gn:•vvth of ·1 ti ·i ~';.; ()per";~i:ors '.: .. vith h:gh LT E ~·: :~ndsi;:t pr~netf :~Uo:~ 
c .:~r: tJ,:ii:b: r· ~~:<pk~ft th~~ LTT·: i<:yi~=- c:r:d :::pi~(:trutn. [So:..uci~ 4C~Ar:~~:r;ca:::J 

fv·i~HT{ oper<ti:~:trs ~·H~;: re·-f~~rrn;ng ex~sting CiS~;1 frequency b<n-:d~; tc ~ ~SF.t~ 
(~ r LTE. ;;o t:hi?Y c::n upd ;jt:i~ tht~fr t~quipn1<:~rd: gr<: d:.~ t~ ny t~) n~()r~: sp~?c:trally 

effic;ent rt~dio s.i:a:·:dt~rd~;. Sorn~:\ ::~~:~~~rai:c~rs (~;-::~ \;:ven :·E:-far:-ning ~ -;-:.;Pr~ f rJr 

ltt (;sr .. ·: rnay bf~ th~: on!y s~lstt:~·n pr•]vidlng ub~q:.tftous vo:ct:- (.ov~:-rc: i~~f~ 

t:nd ;~; (~e;ng use(j by a la rg~:: pc.pu;~:t~or: Gf k~g~: .. :y t~:rrni:~a; u~;E: r~; . h)r 
ex<:rnpie, Pf';:·-p~1::~ custorr:ers;! :--c1::"': n~er~~ fron: for;;:ign ccu:-:t=- i€.:s., or 
rr:ach h':i::··tn·· :·na (:h~r:i~ (fv·; ~·: fv:) .::F: phcat io : ~~= ~;uch ~::; S!'tH:3 :·t :~·~,::ti?rir~g 

"' L.rJ~'..r ;:ost srndrtphGnes rnainif' :-,;: ly \:n·:: iSP>\ as th~;: 1.ind,;::·!y;ng r· ... H~B 
t~~<:hnelogy. 

• LTE hanc'L;E~t pi~n€tratfon diff~:;·s fn)n·: :"E:gk.d': to ri~g;cn fn:Jn": < ·; t}~ to 
.c~ ~l~}h \f.fith a gk)bi1! av:;~ ri1gx~ of .. : "J<Vi; [Soun::~? 4(;,~rr~~'?r~ci~S] 
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~·1a:::r~) c<=::lis c:~: rry rn(.~St C>f th:-~ tr?.iffic in tc:d~r~./~; n·1c~b il~: netvvork. 
~:up r::den·1€:r:b~d by srna~~ c~~Hs in hot zonE:s. ()rH~ oF thr:: r.~~y pr::rfDrrn~~ncE: 
r::uitip;iers fnr rnacro ~:f:ns l:~ tr; su?.)di·,fide each ~:e ; i ~nto ~)rn~~H0r ceH~:, 

bco~;ijng t~t ~;! ~. itt? C.~i pi~c:.ty :~. ignif~c~ntiy. Th\?r~~ i tn;: bosici~Uy tvvQ \~oys; i:~:t 
spl;t <: n·:3c;-L; (:t?U; i:1 the h!)r lzont~d c:: r azirr:ut·h dornain ~r:d in i:ht~ v~~rt;.c:<.~; 

dG~:-1~~in . <:on·~ ~:;.in :'ng b')th ho ri <~r;,ntai and v~: rtica i s~::::torizatk .. ·r; prGv~des.:: 
n~·:rr·;:~\:·v bedrn tt:!rg~:i:~ng on ~y ~t ::;ingie o :· :~ fev·,: u~: i~rs. Th!:; ~:an be d~:fne by 
d~~ploy~ng (:c tiv E; ~:r:i:t~nn.:: ~;y=::tt~n·:~; a ~·1c} h<:::: b i:~;~ : ~ st.::r:darcjiz~~d ;n '3C~PP 
i~eie:~:~E; ·1? . 

~~~?vv b~~t:ds <H\!' unch~:- ccn~dde:ati..-.}n fer !"h t~ fur'thP r dt~piovrnt~nt oF n·1l:Cf'() 

and ~·;:·n~i !i (~:H5. Ffrst~y. r..~p0nrtQ:-::. ne~~d to rn~~r.t? fuU :J!>~: ()f: thefr r;~x:'st!ng 
sp~~ctn;r1·: .and retarrn iEg~~cy sp€H:tn.J:-r·: t;·:~~t ;:~. n(Jt t)E:ing fuHy ust.~c~ to 
H~~P;\ ?!nd LTE. (Jnct: fun :J !:..t: 1~~ being ~l:?!de r.if t}H~: E:x ~~~t;nf:~ :=:-pectn.:i-r:. 
nt~\t,: ~= pr:~ctr urn ~) pportunH:;~;~; nt~t:d i:o br:.- r::v .-:: l uatt?c1

1 
:;uch :::~.; 3. ;~.-- :3 . 6 c1: iz. 

FUi"tl'1E~rn~or~~. VVo: ~d f~ad~n CcnfE~n.~nc:e ?.O; r; \:\1di :~xpiGre i!E~\;V spE~Cl'turn 
~nth~: 700; "l .·~0(); ond 2 '}' 00 ~ .. 1~ 1:;: i:;a nds. The 10\:\:er ~:pr;:ctr:,.Hn l:> ~dr;:al 
for n·~<:c:rc (OVi~: .. agt:- ~n ()Gt!°: n.Jf'Ol t:ind urbc:n c::·i~<:s .. \;Vhg!? the uppBr 

f requen:-..:ies :.::a n b~~ u~; :2rJ <!!'.) dedfc~ted :;n--:aH ccH ~; pE~ct : .. u1-r·: or even as;:-: 
rnacro dt?p~~)yrrH?r:'t fr-: dBnsE: ~uba n ;~ n~a:;. 

ce11s being u~~ed for cases \ivher·e rnacro cells f:re <:Ef1; ir:u! t to d<!p1oy1 ~;,uch 
:~5 it: prot~·?cb~d b:.dki;ngs :~r~d f()r r,:.Jblic ::·:dGGr s;tE·S. Sr·:·1~ n (:E·n:> ~\::H play a 
¥ey rc>lE· in nperc;tr)rs' i:uture net~vork::.: and the iorg~; rnajor~ty nf srr-:a!i eel! 
d\;~p lc-yrnent~> v'°'i!i ~> ~.~ppor·t the ::H~(n::: li1yer to ::!dd '::~1p;.i ..-:~ty er boo:)t enci 

~OC (:i are;s \~ .. : re!€~ S·D tE:chno ~ og!~~s such as \:Vf··FL \:V!-·F·f ls bi~cc:n: lng ~~v\!~ r 

n:c:n:: tigi·:t;y intE·grated vv~~:h 3(JPP ne't\Norks \.th~ th~~ ~~ GPP ~~telnda rds 
~~ffo r~: ~::: :--:d \t~?ndo~ in n,;~i:~t~ion 1 ~:uch that \;\/!--r ; fs no~N ':GrH; ;d~?rt:d a fGurth 
R.!\T"fo( HE~tNE':ts ~ ;\dcHng capacity to a ~:~UuicH· netvvork v~a \:Vi·-Fi is higt: ;v 
(:ost··t?ffectf'.Jt? fe r Ot>~~·r~·:t(:r:">) ?.:! lc::~vir:g then: t G :·educe t :·aff1c ~n 'th~: i r 
HSPA <~nd LTE r:~t·v·..,.;::1;-k~; ~r:d :..t;i~ carnp~~;-~ti-.;~H~'/ in~~~pen:;~-.:~: b~~-=:khaul 

~nfra:!:tructun~. ::-: fac:i:~ \i\!i-·Fi i:; 3 ; n~<:dy ublqu;tcH.:s ln .::lrr~ost <~H ho:nrr:s anc} 
offlc{~s . . A .. rnobnE:: r.J~H..:ratGf ~h~~t i~iso c~':Vn~ th~~ \Vi ··F~ ~ ~~ccess infrastn . .ic:tur~: 
!n pubiic indGG r iucction5 Dr outdoor; can dt?~iv E:r cJ st~arn lt:: s;~ dat.:: 
exp·~: rk~n~:~: f(J!" en:.J user~; . lr. !-!ddition. pretty rnuch f1!; srn<: :·tp;10nr~s ~~ !;id 

toddy h~:v~: ~Vi·· Fi -::i:p ~:i:;! 1 it!e~: . 

~4 .:l ny nt"?'tvvork5. \i'v .. ;g ;:-1c~ud~:· ::::'": O\/~:d~1y of c~:H~: of d ; ff~:· :·t?nt ~: f;?·e~~- r:or 
in~: td nee; Gt.rtdc:or U'S~;;rs ~nav bE: -sr;:r;_,·eci by ~ cornb:.n:::tk>:1 Gf rnacro: 
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outdDor and indoor CO'l•ar~:lgt:./cap<~c~t:y· ~n hoi:~;pot:;/hot zonE::; such aE 
;;hGpp~:~g d!st!";~:t:;, i:n~ rn st.:d:for::; or :;hc:ppf!~g :YH:i ii::.., \~ii:h a typ1c.::i ~::~!l 

r~cjfu~; of up to 200 rnE!i:er~;. !ndoor pk:o an(~ fernto ce;l~; ~:r0 U:)Ed ~nd{)Dr~: 
:n cens cf no rnGre th~·:n .. I 0··2 ~>n~ r~:diu:::. \i\!h;!e pk.o c,~g5 ore dep~GVt~d by 
~~ ri c~p~~~rator~ ·fi~nrtc c~~ll:; a r~~ typk:a;!y u ~~0 t··dt~pioyEd. !"hi~ tn?nd tcvv~~ ?'(~S 
rnuiti·~i:~y(.:r cj~:pioy:;1(.;nt:., (;r sn-1.;dl c{~n cjensifH:~::t!or:: ! ~; driv'~~n by iJi~~ 
r: r~t~d tL~ p ~·ov~d~~ b;:~it~~:- Si!:r'.'!(:E~ qu~~Ety i::{}i:h i :·1door:~ and oui:doors. Th~~ 
:; n·:t~ n Celis ~;hou i·~l :·1~~Ve t·h~; ~;anH.: ·f~~ah.l~E::) i~:=:. t~·H~ rndc:ro r:~; H~: to g:Vf'..! i~ 

:;t~<!:-n~e~:s u~:~;:r r~xp;;:rf~: n,::~: ''/Yhen rncvfng br;;tv·./e~:n the t\.'VQ. 

~n rno~:i: 3(; and lJT: r:~~t~-vor~·~ toc~:::y. ~.JPf~r(-rtor ~; a:·{: al~:o ~;eE:;ng sorn~: 

~:rf~as of lh~:i! net\:vorks '-:VH:h ~3 rnuc:h rnG~E; r·ap;d tv grovv:r1g capac~ty 
::~i?rr:an::~ than in oth:~:s. Thi?St~ i;o:o:-nE:r h(:iti;p::)t::: i·:~~ v'H ~;fi:~~ctiv~:;y i!~\:G!ved 

~ntc :~·1uch l~rg~;r hot zc:r:~;~s. outdoor and fndQor (trt.~<.~::. tht:!t ::anr:ot bf;; 

~:r.~\/i? :·~:~d by :s :; f r-: g ~~? o:· ~~ i\~V¥ :'r:lcrc/p:c~:: c:eHs. Sr~l~li :::i!'- l ~i; hav;~ ;3 b::y 
ro;e to pl i~Y fn suppor·Ung Ct~pac ~ty and beite:· ~;ub~;c:·i bf::r r: !:~rfo:·n·;~~ncr~ 
in tt"H:~s,:: hot zont:-s. i kn:V~?v~~:~ tht:- ru~turE: of such dt?nse srn<~l! ct?n 
zjepioyrnent~~ an() l t:-~e :-e~~uit~ng h~gh nurnt~er of ne\~· :;rna l! c~~g~; in 
cper:::tor5' r:etvvork~. are bringing their OV\/rt s~:t c;f r:~;\~' ch;.:H~;nges and <t 

fH?~~d t(} n~~?X<: rni:-H~ th~~ tc~tal C(} ~;t of G'..~·ni~t~;h1p Gf this ~~rn~d; er:~ ~ ! u :·~c~~~r;;~y. 

100k.J. Sire!! Cd!,;, r<:qu:rn h,,i:,, ,(. ::o:~,~ic:1 V; 
addr~ss ~3~;c· C!il:.~d <:hc1!!~r•g()3 ,. 

Figure ·:{ ~ 1 iot zc;nr:·s de·A ::€ rhE~ n~~eds f0r dfffer~nt. ;:;r.d rr:ort2: hQ ~istic 

srr:a!! ce!! capa::::ty soiutions 

An r.,r::tirr=<:~ nt~t'.:-vork expan~ior: rc~~drnr.:p dE~f.J~!~nds on V(: ric)us op~~r.:~tr_,r 
ioc~ltion ·· sp~?cifi( pa n1 rne·tf;:rs and <~~:~::Jn1ptk)n~: . ~!uch as:: 

Hoeller &.1ppL DecL E:<. 24 



N Kl 

• C:ost··n~ ~i~ted ~::spE:c-ts f ~;ucr: ~:E b.:lc:khau! it:fr~)~:tn;ctun~.' :;ih: n::-;t:~~: 
it~bo :· ~:nd \~nQ:rgy). 

"' ()~:rH~ r~d ·~:i:r.:)t~:gic t5t:c:l~;~ons n~gardfr:g ~;~:n.dc E:~; i:~) bt:- prov;d~:d <: r:d th~: 
rf:•t:trii: t~') h~~ cJpi:i rniz~~d t~·UC rl (! ~) t.1b fcg.dtou~; (:onn{:(:i'~vity (:nytin-H·~ ;~nd 

fDr anybody './\:~rsu~; pt~ak d.:~t~:: rat~::; fDr c•:~ rtafn ccn:;urr:t:·rs}. 

Est~bli!) hir:g an expansion :'tjadrnr:p rE~qu~res (; \:vqv to a~:s•~:!)S 

t i·:e overoH ~H~:rf\Jr rrv::ncE:, detai;t;cj co:)t" rnocjE:is :::nd adt;(~ U~rt!;: 
rnHasuti!: tn(!nt d.t:t3. Tr:~~ E~t~=~~c:t Gi: t;·:e :..:r:ci~rtcdni:y in p;~rc1rn~~t·£~: .. s 5tH::h 
as tr~ffic -f~; r~~ ca~;ts c<H·: be n·1it :'g?:ted by ~nv:2st fng in flexible ha5E~ 
stl:hon~,;, '.;Vh~:rE: cht) ng;~:; c:~n b~ rnadE: iatE:r vi:~:~ scrftvvarE: upgr:·3dt?. 

" /I ~, (-· r· 1·" ! ~,, , ,-. ,.- [::·\ · 1"' 1· ' '+·.I .-) t'I ! '> ···< • , . ('" \/ , .. l I / . , , · , r 
~ '---4'--_ .. : '-.l :.._ .-<, ...... , _. ,/ '·"' ,_ '· 
Tt·1E: nu :-nbei' (}f RAr:; (:t;d frequency \i<::· ii~ nt:; incre<~se ~; thE: cornp;ex~ty 
Gf rnobgi;~ r: <;:i:v·\l·o ~ ks. ()pe~ .:ito :·s V'1i l ~ typ;{;:~ i 1y hav~· ti·:n;·e Rt~T~; ( :~~ 1:1 i'i/ 

------{;~) 

1~111.,1:;•:~~-;~: 
lll\\11ll-~tB!,(&1'\,,~ 
~~,<~R+4m~!iw~~eltl1i!.:::;illt\t~~:;; 

t·ackied v . .:;th s;ngk: f((l dfo .t.\ccE·ss Net;..vc) rk {Rf~N t ba~)c: ~Jatior!~; . Sfn~~k: 

R;\N br~ r:g~~ ben'2fit~; ~n terrn:~ of con·1rnon ant~~nr:a~~ ?!r:d t1nc¥h au; 
t r.:~nsr .. n ;ssion bt~tvv·een n1uH !pl!:- RAT~;. ~. ingie R:~~J .:\dvcnc•~d f ro rt~ Nok:!a 
Net\:vork ~;, pro·.,:id e~~ the rr:Gst (:o:r:pact n·':i~(ro :~~t-2 soiut!on: \i-J~t~: f: . .rture-· 
proof eve1k.rt;cn ii{:!"':~r~v~:-:J thro:.Jfi;h softvv~~r·e up~ir~de~;. 

upgrading tht~ rn.::c:o n~~t\:'\:'Otk \t .... hen~ spEctn.1 :·r: i.:.: :~ '..,. :::l;ab~f!« f~~far·:-rdnf 

pc: ri: of the 2c~ spectrurn. such a ~; 8S0/9DOf'1Hz (:nd 700/8GG tc: H~;PA 
en~bk~~; bett::..~:- ;v1f.iE CG\iert-"':ge, ::.:~~pecid liy ir:de:e:r~;. It a;s~) aHG~'iS rr:icrG 

anci ? 600 ;v·1Hz <H0 c;/,::i~.:.b ;E;t fr:ch1ding :·efa! .. n·:ing ti·:E 1 aOO/ ·; 9GO 
t·"1 l 1;..~ ~JO r.d f rorn (15 ~/~ t\.: LTE. ~··; a nv n;;-l:\:VOd.'~~ \:Vf;·re de~:~gned for 'lC iC\;'-
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Hi3dio h0qu0f\q• 
!Muttiband & RJ:\l 
.agnostic} 

r.:;gun:: S. Noki~ NE?i:Wi()f-k:; Sir:g!P R!~N ,.i~.dvanc~::d for th•:: 
rnacro cell n1::i:vvorK. 

<:~)ve:-age and \tvit~: the frtC:',~:a ~;~:! in data rates, thE: covE;rage CHE: ~~ n1'7:y 

:::1··1rlnr ovving te poV'ier !in1tatfons ;r: user dE·vice5. Therc~fnre. rnacro sfte 
upgrw:l<:·s rr1ay requir~ fH:lditfor:;; : d~~r:sif:t:~tion, incn~as•:·d bs;;: st<Hion 
output po\lver or further cEi!-·splitt ing or s~ctorization. 

Ani:i~r~rw ti!t opt1n·1ii:<:t10!1 is<: c:t)!;t-~:fl'ic :~!nt w13y tc inuE::3!;•:: 't~lE: ~• igna : 

to-:nterference noise rat:io (SiN f{) in the rn:~cro netvvDrk. Typical initia; 
d~::ploycnr:~:--li:s v.;~:~ :-E? fncu:;E?d Gn CGVE?ragt:- and :"lO\f'J i:htst cap<~city 1:; tJH? 
hrnfting ft-)t:tor, trH.: antenna tilt can be opt!rniz~:!d ;n rnany nE;1:vvork:s. ()ur 
studies havt: 5howr: that a fu!!··scale nehvork antE·nna tilt optimization 
c<rn ga:n up k ·<:dB c();-np.:ir"·d t;:; the depkM~d n;;:twork. Th?. tit 
settings can be tuned either by rr~echan!cai tilt (on-·s~tE- rr:odific:ations) 
or by elH:tr:u.d tiit (:err:ob:: :-nodificatioris), which wHi b<~ used by self·· 
optimization functions. 

i i!gh;::r :Hch~r :;~:ct:oriz::1b:ir: c:aq be deployi::d ;n both th•~ hDr~zGrrt.:ti pia fJ€: 
by fncreasing the nurober of a ntE:nnas/sec:tors and in the vert ica l p;ar.e 
by ~ntroducing Actr~,e 1-'\ntenna Systern {f\,t\S}. l\n t:·xan:ple of sectorizatfor. 
is ~;h(JWn in Fig=m? 6. 

~ ... 1anv Gperators are facing chanenge~; su,:r-1 as h~ck of r.e\,Jv ~;itE~ location~~, 
opernting fn~quendes with lirn;ted Ci:;verqge crnd performance and 
~ver··grovvfng derr:and for a hfgh··qual!ty end··user experience. VVith 

F{oetl(.:X &.1ppl. DecL Ex. 24 
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rnuH·~·· s~:ct:Dr·fz::d:lD :\ opt~~c:i:e rs t:,1n ~rr~prov~ ~:he~r roUcn.~ t and rr:i::f~t· 
thr:: ch<:H~~ :'lf;'~ c.,f t:'afF;c gro;;vth by p r(;\nd:ng :'r!Dn! co·i~~n;ge:- ;~nd :1 1G:'E: 

::a p~c : t·y ~:lrnu:t·<~n0cH.:s;v. ·;- ~:~;y ,.:_;:: n t~ l~;o fr:·1p~·Gve end .. u~;(.:r ~:ervice qua :ity 
'1\/ithout: haviqg t o inv,2:;t he·avi ly in nf.:\;'-/ bas,;: s.tat:cn ~:itf~5 4 [)ep1o}:ing 
rt;uJti·· :;~~:::t:o:· fz .:rtior: ~vi; ; ais(~ rE:du(:t: th i~ :~i~:::d fer ni~\:Y' tnacf'(~ s:tp~: . 

Nc~k;<: i\!(?tv,10;·?: ~: prr_;vidi~~; slte sc~utions for rnu!ti · 'Sectc~d:(.at~en, 

increas~r:g rn(}bi1e- b roadband ~jv\:vnl;nr.· capac:tv ;~nd CO\/r=.::rag'2:. t)r~tailed 
~;i::..tdi,;:~; of n~~:l v~~ :· t1c~·d :;\;·:ct or;_,~;~ tio n d~;~pk;yrr:~;~n t :n ~;ubu rb<.sn ~1nd u rb<:r1 
~~nv lron r-:-1~:nb; ~ihD"N a sigr:ifi~:ant pt~ rforrnanc~~ ga :n, :~s ~hoV\f:'l in F1gur~~ 7. 

, {.(. r-·------------------------------------------------:-~·=::;;;:·::·--~~~~~-i;;~-
1.40 ~--· ......... ................ ............... ..... .......... ......... . ................. . . 

I 12() !" ............ .. 
: 

~· 1(;Q + ............... . 
.. ~ )!: [: .~.i,,_··· ••HH"'°'°''' 
~~· 
-~, 

;_:; :'.:1(: .. t ............................ .. 
~. ~: 

; ..... 
: 

~{) '\'················· 

I 
20 ~ .... .. 

().L .... ~ 

Fig:..u-~;: ""/ . Netv\.:cH·k t hrc!ughput: gain in UL and DL. fr;r urbon d~;:p lDyn·:t;:r:t 
Gf vE:ri:icc: : !;;:;;:tori2:3UDn cGrnp:3f'E!d vv1th a 3:c: (foploymE! ~lt . 

ThE~ bE;st n~~:u it5 <~ rE~ z:c:hft~ved \:V~th bE:~3n·1 crt1-::SE;ts of 'i 0 d~~gret~~ f~) ;

clG\vr:Ur~ k ar:zi ~; dr::grPes fer upEn~ ~ Tr·:0 uplink thrnughput gah~s ~~ re 
:·;ysiE?:T:a·t ;(:aH·y ~a rgt::· th::~ n dG;.:vrd1nk g~·:ir;~.; \:'Yh k h i~; rr:~ in;y d t; P to us~? :· 

'Th~: key tG suc:c~~S!)ft.d dep!oy:nent nf vertic~lj :;{~c:to:!z~=: tiun :·s tG en:~ure 
a s ~gr:~fica nt CDVf:ragE: area of the inrH:~r ct:~~. \~rh~c h ha:; f.:)VDra bit: 
;?<>:t~~rf~::ri~n<:t!' (:ond ;"bon~; r.:rid can ~:ignifl c<:ni:iy bc~ost tht~ o;.tE~r~~ ~ i nE:i:\r\-'Ork 
cap~~city. ;\n()ther irnpGrt~:nt dr:.:p loyrn~: r:t :::~1:~e for;\;\~: i;;: ck·nsr:.: lHb~~n 
high risE: d~~p:oyTnE:nts .. ·~vhi!;·E: ani:t~n:-H:s an:: c~ ~:pkr~/E:d to c:ovE:r spt:-(:P{ic 
buikiings. H.:.: :-e; ;,!\~::, can h~~ con·t1gun~~d to c~;;/:;.::- the bLlnding of : nt~~ :·est, 

rnir::rn~z ing fnte;-ft:·rence by afrn!ng t: .. :E: i:ntenn~~ cn~y tc\~.:ard~; t:·:e building. 
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3 .. :) (;}·iz s~Jf~c:trun··~ fc>r Ltr[Ji.~r; cJt~;.~;j{.)yrl1~:r1t 

Ne\~: ~> r~r::~tr :J:-n ha~: be~::n :'d€ntifi ~:d by !TU in tht: 3 ... ~. · 3. 6 (;i-t~ bi~ n(i 
for n·:obii~! ~:on1 :T:Llnkai:ion:~. Th:~ 3. :; Cii iz ~;pE!Ctrurn ~s. ~d!~a i for· S•T:aH 
c~=.!11 ciE:p;Gyn·:Ent as it ;·1a ~; a high<.~:· path l G::,.~: slnpe and thtI5 rnln :·rrd?es 
irrt~~ rferi~n~::t.~ ~Nith s:JrrouncEng ~::;;~Hs. F~J rth\;orn:on;:: th~~ 3 .S Gi L~ :;p~~c:trun-1 
<:i:;o h~~s gre;rt pott~nti.n; fG:" urb<H: n:acrn ct~Hs c}E~plcy-·n~~?nt, se£: F~gun~ 8. 

0.8 

o.:: 

"· 0 (' ~ t._.: 1 . . .. 

0 :-; 

fJ : 

~~~~~\~~~~~ .... ..._t-c:::." ....... ::.;.,'1 j ! ! ! i '""""~' .~ ~; 1.) u M I : z j ~:. f] .. ~ .... -~ ......... ,,,,4 ......................... '\' ............................. '$'-............................ '\' ......................... ,, .. ~, ............................ ~ ............................ '\-'''''"'''"'''~ 
. ·:5 .. ·:G ··S G S '!G '1 :i 20 2:: 30 

B.e$t t~~;rver SiN~ [dBJ 

F:gure 8. S1gn(:1 to it:terferE=.:r.ce and no~se ratio !S iNR) for dense urb~~n 
rnacm ce!I 'fap!oy-rnent 

Tt·E~ s~gn~d to ~r:terfE;r;~ncE· t~ r:d no;~.e :«~t:o ~}:i:1 :«~cter~~;ti::.:~; c~t 2 ::; (~Hz 
a:"':d 3.~; (~; :z arE~ VPry si::-1;iar ·-th~~ :::vE:r:~gt? S~NF~ !~; .... G.6 dr.~ !o\..·Vt?r at~~ . !) 

CH~~ rorr:pa :·,~d to ~~.6 c~H2·: vvith .:: ~~th pe:·c~~;~ti 1 t~ S l Nf~ ..... 1.'~.; d [·3 iG\:\:'t~: at 
:~. 5 (~t :;r. conl~Htred i:>J 2 . 6(~ : 1?.. Th;~ ;~c.~o r ... 'H l'l provide::: br;;ti:er CC1Ve:' :~ge 
b:~c~HJ~;~: ~ith p:~rct~r~t·flt~ Si~J f~ !:; ··-2 d ~-~ hfght~r co trip<: :· i~d to ? .6 C1H2·: \:Vh lc.h 
rn.:·~~·c~: BOO ~ .. ·iHz k~::~ai i\)r th:; cove?·ag(; l.:·:ycr fn bGiJ, rurai r~nd urban 
i:~:; ;;; ro nrn~? nts:. 

ThE: rnacro nr;.-b.:vc1rk ~:.till h~s grr;·:at pc·ten~·ial fGr i rnprov~ng t:oi:h n~~t\.·vork 
c~)\/~:r;1g::? t:nd capac1ty. Rt~cc~rnn·H~ndt~d upgrad;::s an:: :;u:nn~<~r;:l~ed in 
1ab~e .. i . 
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!\ntt~n~·:a Hit :~.hou1d b!~ op t;:·r:i:.:E:d ba~;i~d 
Gn the curn~nt ::.Jepk~yrnent. This fs one ~)f 
;:h~: :·n,, ~; i: cl: ·;·t· · ~;{~~: :· c: ~ ·~~n·t i~~~ y:; c}f ')P t;n-:r.r. ing 
the rY:i~crG net;.vod<. 

Ref;~:-rn :~p:;~ctrurr: f::H 1rnF,:·0v:~d ':c .. ·v·{:r~~g;~ . 
lJs~~ < .. , C-iHz bands for ~ .. 1 Bt3 ':c:vertjg<: ~ind 
h!gh:!'r band:; for i'-H3B r..api::(:~t y. 

i:·tc:·e.u:;,;:s b(ft~·: o::ove :- ~:~g~~ .;~r~d c~~p.n-:: :'ty 
\:Vit~· : :):..:t :"n.;1::.r.·J :;:·t€~ dt:-n;;:l;c..;.:t~on i:r:(~ p:-::..~v;de 

.;! cc::::t -~:i:f;~:i~~Pt ,.:pg rad·~ of i:he :-1~:i:v.,1ork. 

~·~· 

** 

*~' ,~-~· 

Thr:~sE: ~:n h;3 r": C~~nt~~nt:; to n-:{:Cr() c'r:H d~~p !oytni? nt \'\:; :i dr:!13y th~: rH?~:·d t:c 
::k~pk~y srnaU ce!!~; ;n !argE: volun1E:. 

cell evolution rn'iY ~;:tH! ;·:ot be suffk:i~~ni: tCJ prGv:d~::: t he r•~cg.: : n~d 
irnpn:~vernent~: in Ci-Jpi.i ~:ity, CGV,;: :·<:g!~ ~nd qi.H:1 nty iJf ;;:x.p~;r i~:n~:e. /<\dding 
f~·H::n~ rr~.ncr() !; :t~~:; l:; .:? :<(.d!:ns~vt~i .::nd rt rnt~y bt~ rnG~ E: c:o~;t--~:·fi:~: cf:~;. .. ~:- t·c 
dep!O'/ srn~d i Cf~iis. to ~dd (:<:pc~c.:t:y \.-Vfti·: nrnited ~; f:H;:ct r :.trn and non .. 
unifGr:-n tr~~ffic: dE:rn.c:r:d ;n hot ZG='~(:::~/spots. 

rH~tv·'"'r.:rk, vvith a di~plovrn t~nt Gf <:ddit:o:·1c! L~T'E n:ac: ~·o rc::Hs r.:r: thE~ lE~i;t p;ot 
and LTE pk o :.::en~; on the right plot. Thr:: r::xa rnp~~ ccrnpa r~~~; t~·H;.: n;.:rnb~: :· ::~f 
rH?'.:\ .. rr:acro c~: H~: t he opi:: rator ·~vou1d n~:~~d bJ \:.JE:pjoy vv;th i:ht:- n urnbt::r Df 
p~c(~ (f:H::i.. The :-nGst efi:ick~nt depk)yrr:ent o f: rr::z::-o c~~n \/E!rSU !~ a(j(j;.t fDna l 

rnz:\:TCJ curri~H:; d~;-p~~nd~i \) r: th•;;: :;p~?c:tn.:r-n <:\.1::: ;iabH;Ly ~:nd traff;;:: d~~ nsity~ 

fivE~ nevv n·1c1!::·0 ~;ltes ! ·; .S s~:icto;·:;/ct?l i s} CH' 66 n~:i~:v pico eel!:; li::°'l E~;-agi? ()f 

... 5 p~~ :- n"l~~(T(} $f;; Ct(~fJ tG pr·Gvide t~·1r~ $~.H1":0 n~~l'\.~· ::1 :·}: p~'l"f() ffr:an\.:~~ . 

FGr dense urban en\dron~r:E:nt ;;vhen.; rTHJbile b:oc:dbt~nd (.Gp(lcitv ;s Gf 
gre~:t~~r : n:peirt~:u::::~~ than cr.;ver;::g~;., t ~·1 r:: ra~fc Gf n:-:.:;;v pico CE~ l ~s t r..> r·nacrc· 
c~~n~; \f'i~li b t~ 1DVV€~ t. (!S !:h~? pk:D CE:i; t/t:t!iz.crt;Gn '/./iii b£: highiE:r. 

F{oetl(.:X &.1ppl. DecL Ex. 24 



Kl 

Out~J.~~ wlt h Nr~w M;::,~:·o!) 

''°'~'' ~.< :·r.;,fhc 

'"'":..'''.~:\ :·r.: .. tfa2 

""'(~:.x:r.;1{-fiO 

; % t··-,-:----~~~~-+-------- "~-----;~~-----~ 
~ ''~ .... ;'-:; '"'')\.:.. ... ~; l ll.~~ : 

•'/·,•~ ~•uu•••••n••L•ou•••h•h•~•H•••••••H••'\~uuu••••••u,tu•••••h•Uui 

Figure 9~ Depioyr:1E:nt of rnacra ceHs vs. pfca ceHs ta achieve sh-n!!ar net;,vo:k F>E?rforrr:ance 

for srnan cE~il~ ·· sha:··E:d spt!':.::trurn \Vrtr: rnacro c~~Hs r.:;· dE:dicat1::d sp~~c:f:run·: 
f or i~h~:.' s:-naH cc; i ~. Jn i ~~any it \.ivf li bE .::n ~d\;~ntag;:; to r..~ep 1Gy t1·:'2 :)rn~~ l ~ ceH~: 
~ nth~: Sil:T:~~ sp~:c tn.~n··: as th~: :-r:a{:rn ceHs~ .as th~~ r~·:otH.Ety .u nd C()r:t ~nuc::~:; 

C(~ve :·(:ge 'JviH be :'n p!(~;::e due te th~:- rn.::c:··o OVi~t~ay :i·~~b~'\:Grr. ~ ;-iovvE~ve:I i~5 

~:~:Hs \:Vi1 l rer.h.icE~ peri\)nT:3~C~? or: t)oti: l<:yt~rs . Theri:f~)rt~, open:tor:; shoukJ 
~::~the :· i ntroduc~~ i nt~=::ri:er~=::nce ccGn:1:nt=1tk)n ~;r-.:tvve E.~n the ~ayE~r~; or sp;it the 
s~1<:c1"ru;-r: ;nto dEdic:atE:d group~; of ~:pt~ctrun·: t·hr:i: aikr~'i th~:: rn;n f:·1·1urn 
u:;E:r (~~ta ~·ates rE~qu i r~=-\d hy the enz~ u~~~:::!·s . 

F ;gun:: ·; c.~ ~~hovvs a n r::xa rnpiE of f~ or th .t\cn(~;·ica n d~: r:~;:;: Uf lH: n d~:p i Gy· rn~:nt 

()f p!cc) eel is t.; s~ng t'\:v~; cfrf~:~~:·<.:nt ~:pect:ut~f opi'i~)n~; .. !)h<:n~d in· b(:nd 
spectr ~:n-1 ~~nd ded~cc: t~;d ()Ut··b~~nd spr:.:ctrufn. 

Outage 

'"'<·"'"'Out-of
band Picos 

'""°'"'In-band 
Pi cos 

Fig:.;re 'i 0. De~;,i;Jyment of srr:c3i i ceiis in shan;·d :>>)ectrurr: 
and ciedk:at;;:d spectrun-1 



To :·~=i~ch an Du tag~ of S'->-S: onjy :l: .. our:d r:: tr:1rd of thi:; :;:·r:~~H cE:1i:; vvouki b~.: 

r:f:~i~ d~?d to prc-..ddt:- i:ht? scHr~,:: cc:pac:ty. V\!1~ seE: a bn:-c: kl?Vt~~1 p () frrt of i:-: 
banci ~1s oui:··')i:··band (~Epk~yrn::!n t· of a:·G:.:nd t\:VO rn:cro c~: l~::.. pe~· n:~~cro 1:e;: 
d:~pend:ng on th€: t:~~) ffic k~ad. l~r: ;n-·tn:nd ~~c iut:on is ~nore <.~tt ra ctf;/E:, vvith 
i~ !rJ\ZV~~=- nurnbi.~=- of rr:k. r<:) ct~Us. CJn th::.~ ctr·:(!::- bane~. tJU i:-·~)f:. bc:nd piari;crrns 
br;:tter \:Vlth a ~·dgh : .. n;cro c\;~ii d~;n!:.ity. i ;·: .:;~ in~· bar~d deployrnent inc :·e~i~.>~::> 

r: r~tv'>'ork (:apt:city .::nd r.ovt:'r.: : gt~ <FKJ is n~corr: rr:E' :-:di~d if spE-:ctr\.:rc: is ii :-nit<!:d 
i~nd rn~~ crc: r:\;:l>A:Grk~: are fu;;y d0vE;k~p0d. ·r;·:e co~:t .--~i:f; ci~~ncy i:; !o\'\.:::~r than 
vv!th o~.:t-·of--b::lnd rn~c ros. Tht~ tvp~c~i l €?VG~ut!or~ i~; le start \!'ith ;n-·ba~:d 
r:~icn.J c ~: Hs. \N1·:r~n i:ht~ rn;c:rD CE: l! cj~:r: :;:ty :ncr~~:.:i~;~:s <;nd :t c~~:-: carry ~H·=~)ugh 

i:raff1~: , i:he freqi.i\;;:~~:y ccn.:ki bE.: f1.: i!v dr;'.dk:~ted i:G rnlc:·o/pk:o ceH~. 

T h~: iarg~=-·~· tr·:~~ CGV~~~«~g!~~ ~n~a of a n:k: ~·o ~~2;L thE:: rnore u~;e :- r~qu ~ i.Jrnent it 
<:ttracts. The dorn!n~~n-::t: ~~rea •:h~perids \Jr: the tr~n-!:~:·ni::.s:-:1r: {TX) PC:'N~;:r, 
thE? sp,;;ctrurn usEd <:nd th<~ rr:k:r(~ ceB ~;;~;ert;·cn pa;71rnetE~rs . For hi~fl 

tr~ffk: voh.~rnt:s thr~ rnic r<-.J cegs n:ay becon·:~: cor.gt:si:{~d. in th~s ca~;r~: 
d: is b:::ttHr t·o prov~·c~(? <:n .::cldition<:; rn;·c~·o ··carr~~~:· ti·:~~~~ to ;-educ~! th~? 
rr:i r:n:.} T~:< po';ve r. Heci:..!c~ng T~< po;_;ve r fn r):..:tdr.H">t rr: fcro cells togeth~.:r \r~dt 1·1 

i ncr{~asfng dat~i r.::tes ro~ses ti·:\;: pr~~i:,abl~ ity -::f cov•;:rag;;: ho;es. 

Figun~: ·1 ·1 . t~';<arr:p l :~ of 3 7 dt~~rn n~:c:ro ceH ce>vE:rag~ ~ :-~~a inc; c~~~n1;e u:-b t~n 

df~ploy:-nent VJfth ~30 rn ISD. 

F;gun!' ·; ·: ~;hovv~: a d~:pioy :·-:·1i!:nl: 0~: fi v!~ rn;crD Ci~lis .r: :cng .:: :::hopping 
~treet fn a ck:r.s:~: u :·t)t~n an:~: \:v;th 80:·n int·~: :- ··c;!t~:\ i)istancE~ (l:~;D;. E?ich cen 
t n~ ni;rnib; \:\·· :·th 3 7 dB rn <.~ nd prov ;dQ~; b~a nket co·..;er·.:ii;.'.€' b;:>i:h p·:d~:~~:) r ::. Qr: d 

outc~cGrs. Fnr densE.:r er hots poi' depk_;yrr:enl": ... )QdB~~-1 provides sufficiE;;··:t 
co·,/eri~g~:. Furth:;~rr-no re .. bias fn (:~d; ~;c;~!~cticn (:t::r: t;,~~ :J:::t:d if rnk:rr..:cen 
~;hrirtking :s c~<::;i tt~cj~ 

'l-.:<:.y to E:>:p<:t:d thE: cevE~n1g~ <::·:d cap.::c:~ty u~;ing i~Yf~;t ing rr:ac:ro sft:e~;. 
The front' h.~~u~ connection to a RR.H requirt;s h igh bandv,fidth <~nd io'-N 
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h~h:nc:y. "fb <:c.cernrnodatE: t·his .. a typ;(:~}l corH:~:ctio t: of F~F~; ~ i:; dor:t:: ~·;a 
d~~rk f~b~~:'. "Th;~; rrr:it5 thE: di:: piDyP·H:~ni: to :'nark~?t~; \:Vfi:h VEf'{ d~:E:p fib~~ :' 

p~~n~\tT:::UGn (only B countf:es !n t·h~: \.·vorld h~:ve o·,,:~r10<?;t~ fit~~:r to bu:~dir:g 

p:~netr.~1t:for:s} ~tnd ';~vt~n ir~ iJ1r~se ccur:tr~e-;.:! ftbers rar~:ly n2aches Hght 
pr~;e~; a nc~ oi:hl~r po l t~i; \Vht:\ r·~~ p·1o:;t· s:-nai; C(~ : is \~v~H bt~ d£?p~oy~:d. 

'T:·1e :-r:ajc~ rfty nf; srr:aH Ct~!! funct;'cn<:hty fnr th~~ r~:r~H~ ~;uch a:; baseband 
prGce~;s ing anc.J high~r !aye: funct~onsj ~re irnpk~rn~:n~·ed in t;·l,:: rna:.:.:ro 

cr:a crcr (:t? i!s t: =-K.i <: ~~t~~: of RRH opt~ :-: opport i.:n ~t!E:l~ frH· adv~3 f~(: ~~d rnuH:i··c~~ H 
f~f<f .. 1 ~;'-~chi~!; Coord!n<:tf:d 1'·1:.;;t;··Point' (C.of .. 1P} tran~;rn~ssfDn/recepUon 
~:=-:d inter-·sft(~ ~:<.n-rk:r :::ggr€:gaUo:"'!. Cof ... ·:p enab1es th~;: UE (d~2pending 
c:~ ~t:; k~r~:i:ion; b.) n~~cE~ivi~ !;!gn t~ l :; fr-err: :T:t~~i:lpi'h ct~il ~;ii:t~~;, \.'\1 i·: ~ ;p th~? 

UE\; ·tr ~~n~;rn f:;sions tnay be rece~v,;:d <:t rnuitlpk: cell ::. ite~ ;·,;:ga ~·di~:ss 
(~f; i:ht~ sy~;ti~tf~ I~)ad . ; F i:h~~ tra :·1s:-:·1i:::s;G:·1:; f:-op·1 t·ht? : -:·1u;tipl i~ c ~~li ~;it~:~s 

<:n:: coordfnc:t~:d f(:r do\:v:~l~nl·~ . iJ:::~ pE::·fonr:t~nc\~: can b~~ inc:·E:asr::d 

inte:"'fi:~ renc~~ ~~vr_;;(~.::r.ce .. or rnore cc~rnpiex~ ~; ~;fr, tr:~ ca~:e ~Nher~~ tr:<:.: 
~:arn\;: cl.:1ta ~ ~; t:·c.:r:!:.rnitted fr•-;n~ :11uHfple ::t:.:U sit~=~~. For uplinV" thi;: ::.~lst~:frt 
(::·~:-: tak;~ Jdv::~ ntag':~ cf :·<::c~?;:.rt~c :·2 .::t rr:u i~: ip 1i? c1:~n ~:1t~!:~; t·G s:gn:ficarrUy 
frnpr··]ve the l ~ r:!·~ perforrr:ance

1 
for ~~>'~:rnple through t·e:.:.:hn fque~; suci·1 ~E) 

~nt·~=~·fE::-~?nCi:' c~1nc1.::tl<:tion. 

1.;0 -;.·;. , .................................................................................................. . 
~ Di:iwn:ir.k S!Uplink 

;co·:.~ ·r···················"············· ...................................... . 
'>0'>~ •!"""""'"""""""""""""""""""-"'""""""'"' 

{.0?~~ '\ ............................. . .................................................... . 

~·::-:-~ -~ ....................... . 

;::}~~1- ·~······ ............... .. 

( j~C * .......... N 

Figl.ir0 ·12. CoMP g<iins for· macro and! ietNei: d(~ployrnent 
~ : ntra :,;ite J!)[nt Tran~;rniss;·Gn/Joint Proc~~ss!ng) 

F~gure "i 2 ~;hQ\-V~; (ffl ';:xc:rnp~e of c:o~.11p gi~:n~ \Vith RR~ i CiJtdig~.ffed ~:::. 
r::<·:c:rc: cr:~ ~ l:; (h;gr: pG\Vi?r) ~~nd ;;;-r:aU r.~~n ~; Oov-.; p(~V~~:~r). Tht~ c:t)~.,·1p ga:ns ci :·t~ 

~:igh~r inc: Ht:iti~i::t· t ~·h:H: iri n rn21e: :''~ cn~y St.-:~\:1t~n(~ bt?<:~u:::!~ e)f ~~rgEr pc\~·i;~: 
differ·enc~;s bet\r,:~·en rnf;crr.1 ~~nd srnai~ c~~;h~. Co~··~P ga~n~~ ~n~ h~gher ~n 
up!:nk than ~ n do'-:vnH:1k. Th~ t;p~;!~k C:o;\·H) g(dn:) rt:qu;rE: on;y L~T: ~(~~ L 8 UE:~-~l 

·"vhik: do;:vn1ink Cor .. 1P recp.Jin.:~s f<eL 1 ·; U[s at1d thu5 {:annGt be fu;;V ut;Hzr::d 
b\;7 fGr~~ -=j:grdfl~·: ~:ni: ~:.~;·;":eU:~U ·::>:·1 c:f r-~~;·L 1 ·1 UE is. ;~(:hk:\1 ~:d ;n i:he net\~,:~)rk. 

'~en·::-:~ :':'~tv .. ~orJ.-:; ~:re [)G'.tv·n~;nk, (t)L} pe~forrnance ilr:~~ted v\:hile othef:) are 
Uplink {UL) pt.::rfo::-n::.inc~; ~~:·nitt?d. ThE? rat io of UL./f.)L i::-<1ffk !oad 1s ... _ "1 :5. 
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Tht~ idE:~~! nei:v·,=Gd~ upg:·ad": dE:pEnd:; ~}n v-..:hic:h ;tnk ;"s curTE:r:i:iy i;.:T : ~t ing 

thr:: p\::rf o!-rnancE:. UL pE~ rfGrr.-: ;H~ C)~ Err::taUons oft::~n r1:::;ult frorn c: t:ight 
~ink budg~'L in t:h!s {:ai;~::: (:ddrtional rnt~CfO earners \:Vfg not ~rnprove the 
p:~rfonni~n{:•;:~ rnfc:r(} c(;; !J deployrn~:r:t ~; t the {:~;d ; ~:dgi;:~> h4iving i:ht;'. 1::: :-gest 
in·~pa (:i:. 

~n cGntrc:st , a t) L_ H:n:tE:d rH:t\:vo rk vvlll lni: .. nt?diat~:;y g:~:ln fron1 the a::.1(~!tfon 
Gf rnore rnacrz} c;:-:n·l~~rst s:nce a sign;ficant part o f= the UL. t:-dffic CO?T1E~5 

-:;igna !ing and do;;vn:~nk ·~ r~iTk: \.V1ll decrea~:e a~;;:: r ~~~;u:t- an{i grovvth \·V~l; 
~::-ise rn~·:ir:ly fnJrn [): .. tr~fr;(: gro;,vth, vvhile i:h~;~ UL. pe :· f~Jr rc: ~.;r; (:~~ irnp:-\.:-ve ~:. 

Depioy:ng :~ rnall \.~utdG\.!f (:r;:H:; in (:~ust~~ rs can furth~:- ( enh~l :·1ct: 
p~~:·fonr:an ~.:::: ;ind TC:C) ;if~d s;gnrficant~y :·r::lax ti'H? ba(:khau1 :-r:~quin::n·1E:ni: 
1:0: th~~ srna ~ i c~~!l~;. Th~s ~~; kev, a:~ ::1G~~t :7:\rnaH cegs \:v:·H be d~~plvyed at 
st =··:.:,~t l ev~d vvhere good f~xed Hn;;: ccnr:ecti\Jns ar•;; ~·:c:rd i:0 corn·~~ by or 

··· ac:c~~:·;s pc~nt~: and ~3; zonE~ controEer. Tht~ zone:: c1~:p~Gyn--;E!nt enabit?s 
cper~~tor~ tG deif,/~:r vv!re l t~s:~ broadb~: nd ~:r_c{~~;~; outdoors ~:t st:-e~:t 1 ~~ve 1 
u~dr:g ciu~:te :·s Gf cDerdin~rt ~!d f;n1.c: !; ceH::. or ;·n(;Gc: :·s in hGt zont~s i ~ k1:! 

shopp!t:g rnaH~ o :· airpGrts: s~~e F igurE~ ·1 3. 

Fig1.ire 13. Srnan CeH Zone architecture and dt::p!oyrnent 

rhe zone t~rchft!::ctur'~ can u~;~~ \:\. .. ~re;e-:-:s Not: Line of SlgiTt (N L.C;-5; 
b~:ckJ·:aui to {:ost--~;ffective~y d€:~:vi~r rJui:d•:HJ :· ~; t:reE.:t-·level depioyrn(;-ntc.; 
~1nd pi<S(]~ th~:· ::: cc:~? ss p()inL d~~ep Into.:~ hGt t:o :~t? f()f b~:d:i~?:· p!? ~fc. rr::ar:c:~? 

ancj reqtlfres. or:ly ene connr:•ctinn tD th;.:~ Evo1ved Pac~et (:ere (EPC) 
i\J~ up to ·: 00 Acc~?~; s Po;frts (AF). The r~idio d~?P~G~' tT': ~~ ~r~ aspects of 
th~~ a ':r~s~; po:nt~ n~rn~dr:s unch:3 ngE~d but th~~ backh.::u! fc)r rh~~ ?:c~rt0 
dep l ,)yrn~:-:rt sign:ficantlv r~:~duces the TC.C"J. E .. /~·n if the s?.!rn~~ ~;pectrurn is 
t: ~·:~·d fo:· th~: :-:-:aero ns::t'f .... o rk ~nd zcH:E·: d€:pJoy~~d c.E:H~: .. th~: h-d·~~ :··f~:n? nc~~ 

h; reduced frorn the rr:acrn nE-tvvod<.: j:T:~:irovfnr:~ the u~~E·r 0xper:E~nr:e. 
Fu rth~;· :·:'='10t\; : . f ~: h : d~;:s the f.\~' f) n:h:t;.;~~: tu:·,;. fff) :-n ;:he :-n.:H:::· o n~~tvvork and 
thus eas~~:; l r:te:\t~or}:ir.g and :r::::n,!gE~n~ent. Thl!nks 'tG !F .. Gffloadh~g and 
::GrH:· k:v~:- l tf!Obil!ty, :t ~;fgnific:ant ~y reducr:~s the EPC c -:~s:t of ;;,irg~:- :; rn<~n 
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cE:il dt:-p~Dytr.t:-nts. Fine Hy: \~· ith up tD ·;DO ;.\P bt:-fng n·1anag2d <::; Dr:t:' 

~~ni:lty,. pk~ :; SCH~ for: lt?tNt:''t fnnov•:~t ion 1 th t? ln~pt:ci: on G~::~:r:~t~fons .::nd 
n1<:;rrtE:n~~nc::: and •:o tr:pl··:.~x;ty ~:re :;;gnif1canUy reciucect 

{):..rtdC)Or ~;~-r;<:H ct:~il:; prov;'cie cost t~·ffk:i{~;--:t \.JV<:ys to frnprove ccn.:e:··agt~ anc~ 

;,::apaclty. The su rn :-nary of the nutdcDr !~n·1tl l l :.:.:t~g recornn:r::nda ~·k1n (t1n t1~: 

(>)st eff;,·i~~trt :TH-~{~:·1s ·to :ncrea~;:~ !'i{:'·t\i~(..~t k c~:~pc~c;ty and 
t:ov~~r~:gt~. ln··b~~nd do.:'p~oyrn~:nt if spt:~:tn1n·1 :·~; !ir:·1it~~d .. 
otherv ... 1i$e out ·-b;~nci d~: pl··)yrr:eni:. ;\;lc1'-..".JS for f~? :;:b . .:f~: P '~r:t'/ 
\t~':'th :'rt(:l('.!"(: c:~? n ~:. 

(:ost efflc!~~rrt n·H~ans tG ir"":Crt!.:::;r~ rH~·t\vo~·k capac~ty ~!nd 

CGV;~ r .;:ge. Ailcv.;:; ft:: :· f·~<3i:ure p~;r1ty ~).dt?· : n~;;:•:r·:> ::{;);~; . 

C.o~~t !~fflc.ii~nt rni~i:~r.~: to inc:·!~3St~ n~:tvV(Jrk C3FJacity z~nd 
;:·:)·-.;·~:rag ·:~. i" l k:·"\,..~; fer !\.;:·thi!·r ~:~»prcv·:;>tr: ,;·r~t v.; it }·: for t~xarr: ~)l~: 
C.Q~1~P but !:n-:;b~: d ;~~:;d~: ~;c.:~:~e :.,;~:e d:.~~~ to :~~\~~.: ~n~n·:~~ =·~t f()r f1b.:;:r 

;n high··traffir:. den~;lty "~re<:.:!) the recornrr:ended first ~~tep ;s to en~·:(JncE.~ 
rr:<iCTD ley~: r c<-:;.nH::;t:y ~·\:!th <·::-: u pgf~:de i1nd then to ':k= ~>k:.y i)~.l t::!~)~:t r fnkfG/ 
pi(:O c~~ Hs. F\.H"U':E! :Tnon~~, ~n dE,r:sE~ indoGr i'r<:f1:l,.~ h')t~~p0ts ~;uch a$ train 
stations ~ airports, shepph~g tn<.~Hs <::r :;:rrtr:·rpris~~ buf1dingi~,. !:··~door (:en~~ 
prov:de d ~~!ry vi:~bi{~ covt~rGgt~ so~'-rt!cn . 

,~ ~)i~;tr~b1.<t,;:d 1~nt~;::1na SvstE:r:: (!)AS) is the dfstr!buticn of ceHu;~1r f~ r: tc 
<: rH~t\:VDtk Gf <:nti:!nna~: \:"Vii:h~n ;~ bu : :,)i:~g to prov!()t? c':;i;;.Ji~~r c:ovr.::rag~L 
rtH~ t)A::; ci;strH::ut0~; f~F fr~:>i·n t:~ ·::.~:ni:raE~~\;:~i r ad~::: sou :«:(~ ·u·1rc~ughcut t r·:0 
bui!d~nt~~ u:;i:-:g a :~~:t\iYD ~·k Gf RF c~~bEng~ ~:pHtti:;n;. cGup1~:r::.. and arrt,::nn~lS: 
f1ber optic c~~bl~r:g ~:::nd RF repe<:i:::!rs. 

Thr:~ :~irn f;; !:o :::-E::~ !:t? a:-1 !ndoo: C(~V~~r<: g~:~ i~;y ~~=' ~:i::arr:iE:~;~.!y ~n t~:g=' ai:~:d 

\Adth ti·H~ rnac~·c ; t~y,;:r ~: :-:d r·: i~::dli ng t~ 1-1 .._,..oice ~~ nc~ dtrt~--: tra fhc ;ntE:rna ~ i:c: 
i:hr~ b:.ti~drng .. ::~ffE:ring bE:tter qLtaiity and u ~;er ;;:xpE:riE:nce. Th~s indoor 
i::ty~?r \:v;;: f()rn·: (:f: u;-:dr:~ :·l :sy t·c tht~ r:"'~.::<:t'G 1 :iy~:: ~: Dil;c}<:d;ng th~: rr: uc~~ 

n t~t~d~~d c'~pacity frorn the rr:~Cf(i iaver and cr.:;•fftfng potenti.:d r~:vt~nw~; 
for th~~ opE:ra LGr. · :-·h ~: b~~ =·t ~:f t Gf [)P\S c:o:-r:E::5 frG:T: ;t~; a bii;ty to ~;upp{:;rt 

~~g GpE:rator ~;E;rvkx.::; {n~utroEty; u:)fng the s!:~ :-r~E; ~;y ~:ten·: <1n 1:! to be 
technologv ~gn()St;c. D/\S ~spfront cGsr~~ {:re typk:aHy high but offs~:t by 
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tht? :~bliity ta £:plrt th~~ [Dsi an·ior:gst Dp~?n::i:Drs, rnt::k!ng ~i: rno~·E: ~;:..:iti:~d for 
iarg~~ and VE: r y larg(:; b:J: i d~:~g~: \·Vh~~ r~: th e high eKpE:n!i':: (:an bt~ a :'no:-t~zed 

acP::s~~ ~~ i~:rge :H.;~·nt:;~r G~-= :..: ~::.e~·s. ::o~lcr,.,Jfng ;n~)t·ai;<~t;oq DAS qurte :' :g;(j 
~~rchrt~;~c t~ :·r;~ ~:. uff'er f-rcrn ~:ornplex, costly ,::4-.;p;,1.::.ft:v ~:\::.~i!ing. 

Outdoor DAS 

[}ist:!bt.>i'~~d /\ntenn(°': Sy~;ti2rn ([).1\S} ~5.olut~ ~;ns can be r..:;t~ss~fied us passivr.::, 
~:c:t;,,.,~: ,. or ~l'/brid systr;;rn~:. 

-.~ ,~cLive f),t\S: in active [),.:.\:3. ~.:i·:e RF s~gn~:l f: .. c?rn a source is converted to 

a d~t?.ftc:l signal fr):" trc: n5iT:issKH: Gver fit::e :· opti<:s Gr cab~:~. :tis i\?'d tn 
rnu lt ip1e n.~n·H;te untts that con\H.: rt ~·he s~gna~ ba~:k to ar: RF sfgna l fo:·· 

z:ctr"1E: :;y·si:~:rr:s. in<: hybr~d l)AS syst'.::rn, fiber opt ;"(: or C.l~rs c~bi~:' is 
si·ii! u~:ed t n cennect v·;E: h ·~ad f::nd (rr:a~;t·~r unit~ tn the :-ernote unii·s. 

~rr..l:-·)"l'- ,.,.. .. , •::).r:.'.1$:)(.) ... ... ;-"\r~ :·H;,lr'::) r ·:t ,.: ,,..,..,~,-· ··):·:~ r·~·,·::\•·y~· 1·-)\1 .::,.:\ryl+,.-) , .. ,::\~ic .: i,~, t..! \,,.\.)V • •. :(.At.:>'._. (J1 ! \. ,o \.3 • .,~. lC.(\..~ ... } f.....\. ) I : i} . .:t ... : ..,;.I • \. 1..} J<:-1 t •\.\. " · '-·• : .. ..> 

and Wi·+i 
The indoDr ~:•ff1o<~ci pctt::·:i:i.:1 l rs q:..::lt: s~gn ffic~~ ni:. since a larg\;7 p~:n:E;ntage 
(~f g1oba: vv:r~~ ; ~:ss cj.::ta tra ffk; :~ n? g~;nc::ra't ~:d ir~ ~~GGr~; bttd rr~ost :F not: 
<di s;-r~a~tphones ~nd tap!'op-:; ;:~re equ~pped \".fith \tV:-r·; c~::r:necti-..,,!i:y Ti·:t:' 
indoor t::fnoad \.·vin i:.onnE:c.t- :.tsE:r:; ~:o thi:: n1:~ar~:~; ~: conn•::cUv!ty nod,::: 
r~;duc fng ir:terr~; ;"·::nc'~ ~~ nd tran~:rn~~;sfon povver~ increasing ::;::pt~crty a r:d 
rE:dt~ ':ing battE:ry· consurnpt :c1n . 

Lct1 cj .. ·ba~:{~c:; traftk: ~;te~::ring bet\:V~;~: :: t:·1~: r::acro: rnk ro, ;::k:G c ;u5te r·~; i:: nd 
\Nf-Fi/fi;:rnto !ay,;:rs vv;H be needecj in c1rd·~r tQ use the ~~v::: ~ k:bk: $pectrurn 
:~ff:~:h:: ntly. Fu!''tf1~?rn~Gr~?, au t·crr:at·ic <:ut~H~nt: ~c::tion ;~; !'lE:i~~dt!'d f~) ;' vv;-F; 
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F~gur2 "1 S sho\.vs i~n ~=x~}:T:pk: of 1ndoor data Gfflead~ng to Vi:-F; ~:l2ii:; tt: 

:~ n-:c:cr() and rni:.::ro DV~~d::::d :-:t~t\'.vo:-k . it :::an b~~ ~_;~:c.:::i thai: thi~ :·:t.tr:-:~a?:' 

:)i: us.er~: g~:\tUng h~~;::.. than ·10~"1b/:; ~~; s;gnifk:antlv H::duc~:d fr .. ::r:·~ .. ~ 2~{{.: t··:: 
S~'O ·\;vith c;r:~y ?OC: \;Vi··Fi c:eHs in a ·i kn·:z .:irei'.L An ::dternative \i\.:Guld bt~ tCJ 
dr~p loy tnG =·,~ :n(~G0r VVi··F; c:t~lh; <: :'Ki fe;,:~/~~ r ot;tdoor c:H ; :~; i.:i5 ~;hrJ\·Vn \,(>,,:t·h an 
:~>~;:"":rnp!e of .. ~ 700 \bii~· i·· i and ·1 QC tr:k:ro ~:~~;is.. ~ ~·=i~ spn~: b;;.:t;.'V~~en cu tdocr 
:~nd fr:door CE'ns dep~?:·1d:!: or: ':vhich Gr:~? is U-:~? :-r1o:s.t co ·:~ t <l:fr:(: tc.::rd: 
:;c!uUnn. it ha~; b<:0r: shG\i'..•n ·u·~~:1: sirn:ia( perforrnan<.:e ct~n b~~ t~~.:i'~ : evecj by 
d~~plDy~ng ~nd~:~o r f;;:rnto (:eih;. 

1.:.:·:·:·~·······:·:·:· .... ~-...... ::::~:~:::::::::~=::::::::::~:~~:::::~::=:::::::::::~:~:::::::::-·;-~;~~~·f:i_ ... 
' ............................................................................ lW I''::('.!"() 
~ 

.~ .......... .. 
~ 
.~ .......... . 
t- - -
.~ .......... . 

:!:::~~:::::.~ 
· ~------------m .................................. "................... .. ....................... . 

............ , ............. ~ ............ , 

FigL<re ·15_ Exarr:p!e ,)i' ir:ci~;oi· afflG<:ci ·./a Wi··Ff c:.:gs in a dr;:nse urbar~ area 
\l\tith ZO rn~H.::ro sites and ZOO :nfcro ceHs. 

T;·:E~ d~pk:yrn~~r:i: c:f ft:~:Y~to re~ls !n inciGOf" !ocotlor:1; f;.acPs ti·H:: sa:-n~~ 
c:haneng~~!~ t1s Gutd:JGr srn::dl cr::!H cieplovr::ents apart fn::rn thr.:~ 
~nt~~ =·fpr t:n~:~? !Y:~na i~~~: r::E?:<:t b~~n~:flt:; for t:atu:-a l sh ;~~!d ! :·:g p:-o;.:;d~?d bt t ~H? 
struct:.~re of the t1uliciings. ln--·band depk~yrnent is the defc:.:it option 
dli(~ to Gp~~r{~to:-~; h~rving iirnited ~;p€~ ctrun·: f\;::;o :.irce~ .. Ft~rnt~:~ ceHs de noL 
t vpic.::Hy h~:\: .. ~! achlanc~~d ~;ch~~cju : ~~rs as :·r:ir.:rc:/p:,:o HTS r.:t:d t~: E'~ r:E;cess:~ry 

int~:rf~ices t~~ ~~f..H)td :nate v~it·h ~r:~i:n:1 ~n o rder to rr:·duc~~ i'nt~·rfe~·~:nce. This 
n:ak{~~; th~:rn :-ncr~: suitable for :ndoGr ccr'l·:;·:ra~;e (na~ur ::d shieid!nff).Fi2:rntv 
cells !nability b:) rr~an.r:ge ~nt(?r ~:~:n::ncE: :-r:t?t: :1s th(?Y <:r~~ rHJt vt.~rv ~; u~t~?d t r.: a 
h igh dens1ty c:r 1arge envire:nrn~~nt ~that requ1re~ very denst~ dep!ny rnerrt 
or i~ V\-..!ry !a: .. g.;.: n:..H"nber· {)f r~en ~~-

The (J:~~ni;~ ng~?~i c:f f~;·:':'lto d~-~PkYyrne:-:t b~~cor:-H: even :':'K:t:~· prori•);J:-~c\;~•:! 
~lf~1E: :·; l,; f!:·rnt(l c:el! ;~; (XJ~~~\gun::d \fY!th (: C.k):s<::d ::;ut):~cr!bE~ r (;roup~i (CSG; 
identity. A u:;t~r that ~snot pa(t 01: the C~SG grGup '-r..1:·H c:cnn ~~cr to thE: 
rnk:ro of rr:a{:ro n~~t\:vorl·=· dnd experi~;:r:c~! or c'~us8 :;~gn!f:cant ;ni:erfen;:nc~: 
prob ! ~~rn;; ~s nGrrna! rncbHli:y !s overn.t~1?d by th~~ :;ub~:cribe:· group 
~~dn::ss : Gn:=;. 

The Gptirrn.nn perf0rrnance \:Viii bt:~ act:i{:Ve(i tYy· {~onf~gur!ng ail f~~rnto cr::!!is 
~~s C!pe!"': Sub~.crib~:r C1rcup~; ((JSC-:). f icl~-v~:·v· E;r .. f~;· :~1tG cells prcv:d\;: txceH·-;·nt: 
\lCic.E: covi~rt~ge t~xtt~n~;k;n:; anc~ the kJ\;\! ~:r<~n:;n·:i~s;'on pe'J-..:E:r ~nd t)u;!df:~~; 
~:tt~~n ~.;(~t:cn iso1<:tr~ tfH~ ferntn c:eih; v•.:: ry V\.'e11 i;rorr1 the rrtt~cr~; ceH~;. 
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VVi·· Fi 1s <: r: ~~nportant lD\:.<! l arf:3 te~:hr:D logy c:pt~or: f\) r ;-:E:i:~~n.:1gE;r:i20Us 
r:f::i:vvo~k~i: ccn-:~plt:P·H~nUng rnobi!;~ b.~chno~og1\:::; ~:o frnprGVE: perfo:·rnanc~; 
fort;·;::~ use:· a~: ;,:ve!l a~; frnpro\.:fng o~tlo::: t:! capacH:y. {:Jne Df the cr; t·er ;~: "f°Gr 
VVf-Fl to b~;:c,:H-r-:e a si.:cc~;:s::.fu l f.H:Ht ;-;f tt·:~;~ rr.obi1:;: r:;;:t:vvork ::> techn':~k:gk:s 
~~nd procedur~~~; t :·1.:: i: :t:r: ~~b1~~ ?~fl·:(:l i~nt: i:ra ~:f;::: ~;t~~'t:ring t>:t!tvv~~~:n :::t~1 l u~ar 

i~nd \;\/~-:-;.a ~;E: ;~:-nless \:V; .. ~ · ~/c2 !h.ii;:ff ;,:c.ce~;:> d:'!C~ ther';~fore <~ bet"t ~;r ~~s~~r 

i:!>~ ~H?n,::nc~?. s~;ch fur:ctiona~i~:liE!S <:re ::..upp~) rted by !\Joki<: Nt:'t:\:\!Ork ~;' 

Srn<1rt \:Vf·~F~ :;olut·~on in <i \~:dy that ;~; :n<je~H.:nd:~nt ··::i: t t·:0 und~::·ly !ng \:Vi··F; 
n:~tvvorl• ~; <tnd the \•Vi··F f vendors .. 

rhe u~:e of \:'J:-F; i:echnoiogy ~~; th~~ pn.~·ff:~ rred n-K:d n~; of cn: 1o~~ding d~t:a 

f~o:'n r::~·:crG c';:lls fo:· 1.;se:- :~ at ho :1H.; c~· in the offic~:. 'Srnartphcne~: !~hcuid 
u~; £~ V'./i·-F; v\:; .. : ,td"i~ pt)~;::~ i bh2. Fr~ r pub;!(: \:V; .. ;.:: dt~pioyrnt~r-: t·. c<: :·;:~i;u ~ ~;~~ : ~~c:tkH"! 

~~; cruci<:i f<.):' effectrve offio~·:ci vv·h!IE: provkEng thf~ b<;;:~l' u:;~:r <;:>:pe:· :ence. 
Ch.rtdcc:- \N1··Fl dE:pioy:~1c::r : t h ;~~; ii:-n:ti~d pot~:r:ti.: : i \.\1 ht!-:·i.~ :-:·1bb; :·i~ p·1:::c:-r~ 

net;;-._.:nrks arE: <:fr0ady in ~;~:~~lk: d. it ~'.) ~SG requirE::~ C t~refu ~ piann~ng to ~irr:it 
int:t?:·f;:~n?nct:' ~;ou:'Ct?s f:-on·1 t·hi? t:n~ic~:nsPd ~:pE:ctrurn . Furth~?~·rnon? , rr:c::"Pl 
()SL ~ : nes are !irnited to i:·::~; ~: th~~:-: ·1 G :v!t'p~:: -...·\,1hk:h i~; :;lo\ver than a typic~~ l 

LTE n:acnJ ceii. 

r .. ·1any ~ndoor p~ib l k.: nr r~~nte : .. p:i~;f.,. t-~rea :~ ar-e t:V(.'dving ~nto hot zont:s r1r <:r~:_) 

st:·~tegici~ny irnport~:nt ~:: re-tis i:'J ser-./~;: fo :· op•_;::·at()r;:,: ~:nd ~: rH.?'.i\; apprG~:c:h 
that cornb in~~s the ben•!:~:l ti; and sfrr:pHcity of \.Vi·· Fi vv·!tr: th~~ rcbusi'nt?~;s 

and gua ra nt~:ed C~uo lity of Expt:dt:n:::e t(~oE} Gf 3(;PF·· pico c~~lh; vv!H be 
n~quirt~ct C)u:· :;tucj~i?~: i:av;~: :;h~'v,,n t:·1 .at~ \.·\1 ;·:en~ anovv~~d, high pei\:Vi~r 
indoor nocie::.. nf 30cff3rr: c<:r: rE:r.h.:c<; the nurr:ber of cells ri.: .. :f;ded by up to 
::10~i,; co rr:p~) :·c:d t o ft?:r:i:o !ndGGf cr:~ns _ Nok:;:: Nt:t\:\:'ork:;: ; :·1cjDof S'J1ut;ons 
b~kE~s in!·o ac{ount t:h~: fub.:rE: nx:~::d for \i~?rv h;gh CE:ii d~~n:;i~:y \.'Vith o pico 
1:!u~;i:::~r ~1u~t ; - f~;.\T :::pproach. 'f'h ; ~; p:-Gv~de~; ~: so!utlon thfft can u~;.·:· ~JH~ 

inst~-; ~~ed Ethernr~t n~~bNotk as b;J':·khaul, ;,.v~th :::ggr~:gi~Uon <:f coPnected 
Ar··s a :·1d loca l b:-i::akc~:1t to Ern:t: tH?tvvorl·: frnp.::c.t anc) prov;d~:· !oc;3! rr:utir:g 
t ::: ~;nt(;•rprisE: Lr.1c:a l .!\re<::> r~\;:tvvo:·~ (L.;;r\n ~~:;:n.:E:r:> ~f n;~quired .. Fer n:ot~: 
~~conortdc~d dep~()yr:~~:nts, s~::1f-C)pUrn;~:~:-~g f\Jet\:\tod~~: {SCH';) p6n(:tpl~:s ar~~ 
us{;d t·c :; i n·:p~;fv op,;:ration~; ~:r:d rnaintE:nt~nc··:~~ !n t~dditfon to innov~~uve 
ir:tr=:rfec'r;:nce ~r:aP~1g~~n1~:ni: tt;.;chn:q:.H_:s i:hi~t ;2:--:~;1.:re ::.(:aiab:Hty (kJ\S/ 
h-r:pa (:i:/f~~st cj~;picvrn~~nt c·f rH~~ ... ,. p ;co). 

<:<:cr~s: :1 pn!r:i:s to pr!)\~ :'dt~ tht~ Sf.1!":'1(~ Pi~:"f;::rrn<:nc:t~ hnv,:f:~\l~~r. ~ t· sr:an~~; tf:E 

sp~~ctn..: rn \;Vjth th~~ rn fcrc> ;::t:fl iay~:r .::r:d :.::an caU$(;! :'nterfe r::.: n c~: ~~nd is nGt 
5uitab~e~ fo: Vi~:·y dE:r:s€~, ''E:ry h~rg~~ dt~p~Gyrni?nt:s.. 

F{oetl(.:X &.1ppl. DecL Ex. 24 



,;~~~;~:;-i.·••••·•·• . 
. _._ ........ ~ : 

Figure'! fi~ Exan:ple pico r.iuster indoor dep!ayn:ent 

\\/:·-Fl is a good supp!ernent tc: an :nst~i;led DA~; ~ysi:e1-r·: tG h<:1p bdng 
C<~~HH:;t::l for L~i fJ~;~;· ir: do~::r v ~;, ;":LH~~= t h:~t r~:·cg.:ire 011 oper.~t•) ;- r:\;:;Jt:-al 
dE":pk:yn:E:nt. ,.:\r; LTE pfcG Dr pk:c clustt~ r typ~! ~iolut~on can be 3 t:ood 
z:ernpie rnent to an ~:.!x:sting D;.\S ~,~~.:stern an~! <:dr:i sigr.~ficc:nt c:apc:city or· 
bGo.~. t: ~;tib~.crib~~r i?xpe:<t?nce. Ffnf.t!iy, d~::pk>yn·: £:::--:i: of indc:o:· p;c;,:: ce!l~; can 
reduce the 5~:a~~: Gf ciep;Gvr::ent t G prov;d~: <~cost optirr:ized sGh . .rtion ~ 

ThE: :~u 1-r::·n~·:ry :)f th\;: ;ndO()~ cfflo<Jd f \;:~:o :Tw:-H:nd:::Uon ' :an b~~ i:~:·en in 

!r:doc: picD 

Depk~vrn:~nt f<:~r <.<ip~~c ~ i:y enh,~:·1c.(;rr:~:r: i:s,. esp~;c.i<~l!v In 
high p:.tbik ir:dc·vr t:·~3ffk ~::·e(ls. 

1~i: !;id~~r:b::l! di?p ;~~'/lT: ::'nt Gf f::':·~1to c~;H~; pn:~vfdi;s exc~~nent 

.·:vv~::-ag~ and cc:p.;. 1:i·ty fo :· v··)!::e: ~.nd cLtrt::: 

D~~pk:yrnt~=-rt p:·:)v:d:·:·1g CGVi~ :·~~g~: but focus~£!d on cz:pac.i::y 
in !nd(JGr p:~~b l i:: .and ;:,r 1v~:t{~ hot ~:ones. H;gh nu:·nbef cf 
r:.eHs dep}oyed ;v;th e.a~-;\,;, lo~~ .. ~n-:pac:!: and f::st ~cafab11ft·/, 

Suft.;~~=~i•;! to pi·cviciir~g cos:t --;;dfici~~nt cov:?r~ge !r! ~:~ :·ge 

bttild it:gs .;:r~d is (~pe:r{~i:~:> r ne:..itraL Le:~s c.ost: -(;ffk:~;~nt fv :· 
cap·~~(:ft'~1 ··d:· :v<:i :·l s ::.~:r:~-s :·;vs. ~~r: :J s.:n~~ n b:..: ;l d;ng~ th~~n \:V~· - FL 

*~· ~--~' 

*~· ~'~' 

1f~· 
~·~· 



Tota! c.:o~;t of ()\r,;nE·:rs1·1; p (TC~O) i~; GnE: of the ;·no:;t irnpo:'ta nt c)e:cid ing 
factCL'- "Nhen chccsir:g a r:etwo~· k dep :cyn·~er1t p<:th. Ho·.;vever, the 
TC() ;'n t?ach ca~;E~ dt:pE~nds on tf:e op(::r~rtor)s currr::nt inst:a!lt?d bas~. 
its spectrurn s;tu<:t~on t:nd user t:--qt.tiprnE:nt pE:netrc:tion. "f'ht? dii:fetE!nt 
(~<.~p : cyn:ent paths ha-.1e been am:iyz0d frurn a TCO perspective to 
outli:·H:- th~~ kev TC\) tre:nds. 

The targ0t of a ·rec ca:cuiarion is tn bring tcgr;;ther a!i tl10 costs d 
a technic,:i so;ut;'on ovE:r it~; ;;Fet1 rnt? Un i:h~s c~~se corr:piE:te n~~t\rvor}: 
evo:ution scenario~; C!•;e: 5 h; 10 y0cn-s) and express therr: :n a sing!E 
figure. These TC:c; V<~;ues can tr: en be con1pc1red to d:'scrJver the best 
dt?plc~ytnent options .. t:·cr c1 f:<~; r con": pOt!SO:\ ft is ass:..:rnt?d that the 
differ0nt nehr.;crk evrJ!ution sr~em:rirJs perform in the san~e way mid 
:>ai:isfy the s~rne tr~ffk: :'t;~qufn;::-r1ents. 

Fig:.;r0 ' i 7 shows U10 TCC norr:miiz~·d \'Vith ~:he t:affi::: growth, iiiustrating 
thct the cast per capacity 1:~ cont;nuously dt?crt~<:sing. 

::: r m : : 
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O,.;dc·o1· ~=S~ 
V• , 114." ~.,,.. ... 

!Yt~c:o L&..e 
Ir: door 
P:co/\.\tiFi 

~~~~~~~!~ 
D·ci1uif:cutic:"l 

Figure 1 ?. TCC.~/(~B :~voiut1on fr~)rr~ ~~O~O tn\~·Ntrd 2020 ~).:t~>~:d on rE:i:ornrn~:r:dec~ dep;oyrnent optk~ns 
(outdoor ~tnd !ndQc>r dt~ploy:Ttent rnay b;;~ n.~vers;~: (JJ";:~1;!r} 

in thls <;>:arnplt?. cost per \;B decr<;ases ~100 fc);d ~n tt11~ ~;ai-r:t? peri!)d tr:at 
the ~:raifr~ gro•Ns 'fOOO fold. The main reason that cost deceases per 
() [~is that tht! t~fficit~r:c:y of th~~ netv .. 1or?~ evoives continuously and that 
th~~ ~;man cells carry s~rrilar arr:nunts cf ~r{!ffic a::; tk~ rnauc eel's with a 
sign:' f:cantiv lovver cost. 
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Tht~ dt~pk~yrnt:-ont: opi:ior:s d~?~iC(ibt:d in th;:; \:Vhit~:p<!pr::r htsv~~ vr~r· y dfili::n~nt 

c~~~;i: si:n.:ctu n~~.:: v\lh :(:h :.~ :·e: 

nncj tht~r~~tly incr~~Ci!;,:~s nt?tv"1ork c:c:pac:ity, Tilt optirn;~:atior: ;;hcu;c~ 
~~hl .. -'?!YS br~ pursu:pd before any fu rth~~=- opt;'rnizatfr)ns. 

~ 1'-'1u ~ticar·der: lf ~;pectrtnn i~) avag~~bie~ t-:!dcHng :T~{)re crlrrfer~ tG 
::dn?a dy ;;:::::;~; t:nt~ rnac:n) ~; :·t~~s. prov·idt?s. ~:a~;y 0!1d k5V .. i··~Gst ca~,a(:i-ty 

E:nhanc~~n:eni:~;_ The n12dn C()St !s fn (~APE)( <d':d ;fv·;PEX (equiF1rnent 
;~:~d d ~;·pkry!rH:·r:t) ·-()pf)( for i:he ba~;;;;: ~.t,1t;on incr~;·a~:~-;·s on~y· ~= ~: ght 1y 
(€~i~~ctrk: fty. C)p€~:~a:t!or:s and ; ..... 1aintE:r:ance ({)&f'..·:\ b:~(t: h(:un. Hn';'V\:~'./~~:-.. 
c}ed;c:atfr;g ~;pectr-urn tc~ tn!cro c~~l l s cc:r1 provide an t~'.ten bigger 
increase ln c~!paci;:y. The:· ~~fon.~ . tr~r~fic gr(.)\f'.;tr·: and tr<~ff:'(: ~-H~t s;p()tS 

pity a;~ irnpcrtant :·oli: in any ~ib~ ~:t1(~iution st:·ah:-gy. r~·u:tht~f;T:on~t 

n~~farrn ~ng n1= spe:.::tru rn fs a C:(~~:~t ·<:ffk~ient -;~ .. ~~v t(.) ir:cr0as0 both 
c:ov~:rug·~~ ~:nd c~~~H:city. The :-r:o::.t cost··eff:·c~ent appro~:-::h is to depkr~,. 
thE: ~G\:ver ::.pi~c:i:rurn iniit~liy 1\)r ccvert:ge r.1nd dE~pk>y the h1ghe:· 

prr.;vid~~s {: <.:~rr;p;t~ y·-st cost-eff~cier:t V·Jay tc in crt.?. as-:.~ ct: pf!citv in i'ht~ 
rn~~{:ro n~~i\•VrJrit T ~·~,;: r~~~in porUon Qf th~: co~;t is (~;\PE)< and !f"1PEX 
(i?quip:Y1E:nt! <:nt0nr:as ~~nd depk:yrne~~t) but C)PEX is ui:so raisE:d 
G·~ving to highEr e;e:-:~·rfcity c:c~sts, t1ac¥hauJ anzi acj:.:jiticnai sirE: r:;.:nt 
fDr nEV".l 3n't E:r:na~;. S!x .. ~;ector;·z~:rt;en ~~; rnosi: f:~Fr:c:f;::nt fr)r un;forrn 
!T~:ffic d;si:dbution and fr:~~y nnt bE? i:hf:- best Gp't~on ~n lnc:~-Ji!z~~d ::~rt~t·l~; 

of h~gh traffl;: er ~n \.:~~ry cier:::e urban dt~pk)yrr.ents ':Vhei'E: vertk~~i 

~ectc-r:1:at;G~1 by AAS vvcu ld b•;: rncr~; ben~:fi,:.~aL 

fvl icrn/ p:co ~:.~: ; ; depk}yrn~~r·n ~s a (:Gst .. efflcient '..l·r::Yy' c~f~ ~ ::cr~:as : ng n~~t;No:·k 
capucii:y iind covt:rc:gt?. The n~i~Ez;~i:iDn crf c:trtdoc::· srnaH c~:lis by rn:crD 

base stl~Vior:~; rne~~ns C/\PE>"' fGr cornpaci· rnk:n:~ ·~'~uiprnent. but C)PEX :'s 
ver·y ~: :gnh~~c~~nt for b~;c:kh;~t.;i and ~;itt: r:.;:ntaL :~ .. 1PEi< fer s:t~: acqu1s:'t !on 
<:nd c}~~p;cyrn(~nt (h·;( :ucHng a po\:ver supp~y) cin?- aisr.i :-·E:l<r:v<:nt cost factor~:. 
tvl icrD cef!s ~:h~; t.dd t1E zi~:p1Gyed in d<:d:'c:att:d ~T':~:_, ct:· : .. u-n if f:;H: ;;{:b1E:. ~n·· 
b<! nd (j:;:pic:yrnE:nt Gf rr:;crD CE ~ ;:; rnay be tnor~: t:xp~?nsivt: for h fgh ·· trt~ffk:.·· 

t1en:~ity ar-E:as if th(~ spE:-:J?T1n·1 i~~ not :a!:·r~~~dv (.~ep1Gyed on thr:.:: rr:~~cro 1?fy'er; 
sinc.E: both ~{~yers , .. \. .. ou!d n~:r;:d to:: be depk.::y~~d. l ie>':'./ever. for· ks ... :v/:T:ediurn 
t r;~ffic·· c}E~nslty·-r: rea s or <:in:~ady·· c}E~plcy .. ~~d rn.:: ere spE:c:t:~ i.H1\ ~n ··bane} 
dep icyrn~:nt i~ th~: p r Efe:T~::j ~:(;lut i::>n. 

~\ l ternat :\ .. eiy, :;:1:an Ci~:ls c:~3r~ bt? n~-<:- ; : zed by sharing ;or poonng) bz~~:t?banc} 
funct:·::.~n ~: ':V~th rn~l:::ro c~:lls l~nd dr~pici)-'ing th~:- outdc~or sG·1~~ ll ceU 
Radio Fr·~~qur::ncy (fXF; ;:::s a lo\N·-p(~"'"i!:r Rr::rnot12 f~~~d~o: lt~ad H<Ri;} -.. .. v!~h 
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a dt~dk:<~i:E~d f~bE: r bas~~d f=:·ant ht:: :.:i t:·ar:s;:Jort. L0\4\/ PD\iVi::r RRi ; dDt~s 
r:oi: in c~~Adt:- :H~Y dE:d;~_:at~:d b<::H:b<:nd: vvh.::::h c:.:! n :::a~~t~ C.APEX ::n-1d Hase.:: 
:)p(.:rat:on ~; ~nd rna:nt~:n~snc~~. Hovvevt~ !~ th~:; i:; {rn:s~; t t''l t;·H.: r:~qu l ren':~:r:i: 

{~·:nd H:~; ~-;s~:~:fct~·:ted CG$t) to h:::v,;: d;.tr!( f~ber beb,·ver;:n th1;: f~r·~I: !.~ :11.:1c~·o 
b~~si!d::· ~~ :~d n~G(~u : ~~ lfn)nt h~~t~I ( 'Gnn:t:cUonj. Rt~~ated ~:~;p~?c:ts ~~uc :·1 <: :; 
i~cqu isit:r.H: .;: nd r0nta i rern~sin a~; d ;:;cu ~;~;:;;d ~·; b>:>ve. 

CJutc3fJC)r f)!cc; c~ :Jstt:~r 

Fc:r c1:Jtdoor i":Gt zc~n~~s, the i\.1tur·e rnu!t: ··f<,t\T pico c ~ust~r tt?:sccl 
solut:on can prGv:de ~: vt~ :·y ecor:on·::c~~- l appn:.,~:ch c-:::-r~pa(E:::! tc1 otht::-
t radit;·ona~ solution:; and ceH sit~: :::plitting. ,~pico ch1:::tt?r S();ut:Dn 
he1ps tv rr::r.h.:ce rc:C) by sfr-np1ffying b~:ckhaul1 :-n~in~:ging ~nt0r·· and 
~nt n::·· iayt:r ! r:i:t~rfE~n:-nct:: to prcnddt:: h;ghr::r pE:rfonr:3ncE: and ;;n·:;t t·hi? 
&rnount sp~~ctrurr: pEc--:nning. ·r~-1~~ pica c l u~;tE.: r p:·e:vide~: virtua ~ ~y un!lrnit·e(j 
sc;~dablnty; ;f:-r:: 'ti!'1g tht: ~:·tfect crf EPC: \:\:ith ioca ;-b:·~:r3 k o:..:t ~~nd sicnpnfying 

\:~./! ·· Fi :~: a 1':v~ys a iov'2 ··cD~;·t i ;uF .. p l ~::T= ~:nt t(' ::-1::-)C+'G c:nd tr:k:~o c~: li 

deplnyrnents, ~~ince the spectn.~rn ;s freely <: ;,.r~iia t1le. HGvVe\.'r:~r. thr~ co~~t of 
\;\/}·-Fi d~:p,;:nds en i:he i:,art:k :.~;~ir b,~ r.kho:.J~ and s ; t~: ~-:;;:qu ;~: it icr: \:\li-·:-.·i <~nd 

\;\i;·-F : and f~~::-.. ~t·c: c~~n~: c:f1:~~ :· ~a:g~~ bE:n~~f~t:s f(!t r~!sfd:~ntia! :)nd e~:f;.ct~ 
ins:ta l ~~~tion~~: vv i·1fl~: public in~~taih~t~c~ns ~~hcukJ b~~ base::i ~)n the traffic 
d~:n:);t~y and ·th~~ <:\:a;~ab~~! i;F.·!i:C't:'U1T:. ThE~ und~ir;y!ng of;s ~;rnpt!Dn f)r 
n~~sider:t :·c:l and (Jffice scentJriO!) is that backhau i at thr:~ d~~piGyrr:e:·:t 

~ocat iDns Ciir: b~~ re :.~:::.ed "v:t:hout l :v::.l rr~r:g ~:~t~;· co~=t~;. The ~:o -;:t in ()fffce~: 

F:..rtun~ ~·~:.~lt i-f~,i\T p :co ::.:n!uti:.H·:;; \tJiH ~:,ro;..':d~~ a best of bnth '..:VGrkJ:~ 
<~ppro;~r.h \./Vith V~fi ·· Fi f.!t:d cei;u iar· ~~uppGrt.. <~nd <~ Vf..~ :-y r.05:tuei~fectiVl~ and 

Thr~ flr:~inc~~r~ irr:p~ct cf the dep!oyrnent' option~; rr:~;'. ntir;ned ~V~is 
~nvt~~;t igat~?d in d i·fi:t?(i::r:i: r i~~af_._nt~tvv~)rl·: sc~~n~:r ~ o~~. V\/:t h np~~n:tc~n;. Aitt:ough 

g~~nEt":d ~E::;u~t~> ~?r:d rf~CG:'n:11E: rn:h~t io::s (:o~/d b~~ d ~~:'iVi~d. Th':~ p :' E:f~~ t~E:d 

d,.::pk~y~rH::ni: :;c!uUon i=rorn beth a pe:'fo rrr.a:·:ce an(j cost r .. ::~ r~;pi2.:•:tfve ; ~; ~~ 

::crr:b~r:at:ion Qf 7.f perfect fr!ac:-o cen d\;~pi•Jyn·:\;~nt: fo :· ::over~; g•;: :)nd hfgh 
r:-~Gbt n ty u:;~? r :;, rJ:.rtdc:cH· :·nkrG Li:~n ()i?p :Gyn~i?:·1t r:cjr c) t? n~.t~ i: t<rffc ar~~::is 

and ind(t~Jr crffi,.J~id f or 2xtr;;:n1e\: d~:n:>e tr.;rffic ar~~~ ~; ~v~ti·: ~G\,'V ~r:ob!iity. 
Th~: r::·cornrn\;:n-:h~Uon~: .;·:r::· su ~T: rr..:H :t7ed 1r1 F~gu:e ·~ H. 
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@~\t.R.iili\Wa~rii:t ~·:~~~h:. ::::~'':ili\Wr ·-<'1@1~,::: 
pw~~::n~~,1~~~"-'~'':;;; ®"~~"' · ~:::;.,.,, 

~ ~~· Multic~rtiel' 
~~~ ~~·":-.~ Er:b.or-r.~6Cop;l~; ty 
~, ... ,, ..... ;.;.;.;.;..;,,,,,, .... , ... ;.;.;.;,, .... ,, .. , ..... ;.;.;.;.-.;,,,,, 
~ *~· ~~•iu1iiati"x 
}~ ~-~· Enn~·r•::e<! c~~pc'l ~!\y 
::~ 
~,,, .. ;.:·:·:.:~'''''''';.:-:·:·:.: ........... ,,,, .... ,, .. :·:·:·:..'''''''"' 
~ ~·~ Optimize mt 

.... m 
ilil,,,,.,,~w·· 
:~ ... ~. 
~ *-.,.~· 
~ Mi<f<> 

~ ~~;;:~ft~c -~~d 
~"'§;;!;ij;_~:;:~~~ 

~~Wllli' 
~ 11;~· fo>>nto 
~;~) ')~')~· F.: ~1 1..::fa.¥.d C Vf,f;.tt,i\y 

.·.· ~~:. 
:~ :=:~· 

~ ··~·Pim 
~:;: ~· ~· frJ'"''<·,<1 ::~pncity 

I ii:·~~·'.:~C<~ ~~v.•: a~' 

;\s p~·:rt of 3C~PP f·~\;:l~- a~:\;:; ·:~ .a :-H;,,,.·v <H::tl°'1;ty h~·l:-> b~;·en st!) !°i:ed us;ng 
unlic~!nst~ci ~;p::- ctnJrn \Vfth LTE aiongski€ HcE~rissd spectrurn. T~11:; is 
kn-:;':ivn i:-1 ... 3C3PP a~~ Lk:ense l~ssh>·t f;;d J\cc<;:s~: {L,t~;\}. Thi~: \rvo:J ld aik,,~·v 
ep~~r.::tors tn i:·~nt~f~t fro!-r: th~~ {!dd:"tinr:{~ ; capacity ~~,..:c: liabi~:\ f rorn 
i:f"H? t.~ n1k:i~ns;~{~ spE:ctrurn~ pa:·tk:uL~rly ~n fHJtspGt :; ~:-:c~ ccrpG~rr.:tt~ 
env :'r::1n rnent:~. VV:'t·h L/.\l\; th:;; ~:xr:··~: ~:p~~ct:·urn resourcr~: esp~~c :aHy r~n th~~ 
~1 (jl Lr fn~qu~~nc:y b.and, !:an c:DrnpiE:n·1€:nt !ici:7ns~~d band l~TE Gp~~r~:d·~on . 

i.JE c.p;.:: ra t ;~)n :)n th..:: :.~ rd:ci?r:s~:·d b:::nd is. bufh ~) r~ t:o 1:1 Gf tJr·>/~dv ~1:-:cf~d 

carr ier aggre~~<:tkH'I, \rvr·:ich ha~; ~)eE·r: depfGye(j r.G:T:rncrc i(~Hv sine~: ~·: O"i 3 . 
Tr·-:~: ;~knp;est: forrn Gf l.T[-·U:·dk:e~)~.ed vvG:.Jld bet•) :.~ s~~ ;:he :.H'·dk~en~.~d 
b~:nd \:Vit~·: do\:vnl:n}: en1y corr~er· ~~ggi'·~~§~'~t ion, \1\ih ~ l ~;: ti·~e upiink \;"Jctdd b~~= in 
Hni? vvith :~(1PP ca rrit?r aggn~gat;'cn princ;p1i~~ .. <::; iHu :!:tr<:t~~d in F;'g:..:te : 9 
1hi~: :'s ~) in1 :·i ~.::- to the f r~;t ph~~:~~:- LTE··f\dvc~n{:~:d carn·~:r ~?ggreg~:t::::n tn 
cernrr:~~rcla1 nE:i:~vcrks v,1hich hav~~ stl!rti!:d \i\ili:h do\ivnlink only aggn~g~t1on . 

The pr jn·1ary CE:H, '..tVh:ch ensu:· E.!~; the conn~:!ct :Gn ~~; n·1d~nta inerL ;::; d l\~\t.ffy' ~~ 

~oci-~t~?d on i:h<~ l:c:\~n"Sed band ~·:d· d;;;r. 

\.-~/her: Gpe:' :~ th"!g vvi·t h dcvvn~in~: :)n1·y or: t he ur: l~ ~:~;nsed band {supph;: rneni:i~! 
dc\NnHnk). the t:rr eN,:Hj·e8 c:~~n p~:rfo! .. rT: rr:ost Gf t ht: nt:ce~:s~ry oper:::ti~Jns 
i:() EH·:sure n~liabit~ (On"'ln"H.:n;c.t:tinns. i n ch.H.~i::g cher~dng '-:vrH·-;i'he;" i'hi~ 
~ntendt:d un ~ k:\:.:ns0d r~hann{~'~ =·~: fret: f=r::::rn other u~:<:.~. 
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Figure ·19_ L.Tf:: LA .. ~, ope~a::ior~ modes_ 

transr:·1;~;s;'on ~s possible: as '-~vEH a~: tf:l2 other r;,:~cE:ssarv p rc)Ct?duri:::; lr:·· 
hn:~; ~'\/ith th~: unlk:E·nsed b{:nd r0gu~~~1fon. 

T1·1E~ LIE tE~r:-ninai capable of Dp~~rat;'ng on the un!!censec~ ba1·H:i 
ni;;~;·ds ·to be able to :T1ake the n€;·c~·ssarv :TieasurernePt~: to ~iuppo:t 

terrr:fr:a! is in th·~ CX)V<':.=rz~ge (~r~a ~)1: a LTE eNodE:B trf: nsrr:ftting \:Vfth t~·1·~ 
un!:c0n~;ed :spectrurn. ()nc';: ·th•2 connect!::1n i~; ~:ct!v:::ted tc: ::il!rJ\:V ~.:se 
on tht~ unlic~~n:;i~cj bancj .. th~~ ex;:::tfng (~hanne ~ (~uanty lr:fo:Tnatior: (CQI) 
feedback ',_:v:'~ l a~lry~\/ t r·:~~ eN()\.ic ~3 ~·o dererrn ~ne ';Vhat kind Gf qu{:;;'tv couki 
bE: i.:Ch~t:' Vi.::d on thi: unE~:~:n~;~:d band c:orr~p<:n~d \:\:~ thE: ! icE:r:~.>E:d band. 
'Ti·:c cjG'<\"t:Vini< or:iy n~(~(ie !s p<:rtic:~.dar!y ~uiteci f~)r s!tuatio::s \.'./her·~~ c~ata 
voiurr~es ore dor--:·1inated by do\;v:-; ;ink traff':(:. 

The up~ : nr. i:r.:.~n5.:n:\s:,~n ltun ·rt)l) ~)p!.:- ~\:~t:Gnl ~:rorn a t'errnfr:~~ ! o~.J~.!rat:ng 

on t~1E tinl;ct~n ~;~;~d b::"':nd rt~cg.d:·e~: rnort: fe~i:~.:res! b(Yth in the t';::·rn~nai 
as \.'Vt:d! .-::sin t;·:e LT'E eNodi~t~, cornpan~c} to tht~ E:>:i~;t!ng Hce:~si::d t)and 
Oj:,r;~r~1tion. Thesr~ :;;xtra f~~atu rr;~~; ar:;; n~~r;:ded tr.i r::e~~t the sp~cifh: 
n:quf :·t::-n~~nt-s of tfansrn~~;~:~en on t he unilct.::n~;E:d t1<:r:d

1 
~nciud;ng t:nabiing 

t ~-:e L 8T fe.atu:-e ~~ nd racj(:t (~<.:te(tiGn in tE·H:: t::.:rrnir:a l sldE;. \!Vh i k~ ~n the 

s;dt~ . [)i~p~!nding en thi~ p:·o~;:"E5~: of t hE.: 'j GPP i;VGrk, t:h~~ spi!!c :··~1crrt:it) ~°l 

suppcr t fGr t)\/\ rn~y be phos~~d :'r: sur~h ~~ \t./C:'/ th~it only do\RJniink 
aggrE!t~at :Dn \(\::th 5 c;Hz b;1nd \;Vi il :5.upportEd ~n Rt~i~)()~ii~ ·;:-3 ,, '.Nith Rt~it:1 l!St? 
· ~ ;~. suppn~·ung ti·:E~ fu ll Tt) ~) ope~·at;vn. HG\f¥E~vE::-, t r1::.: current study fn 



Nok;a l\i(?tvvor}:s :;upport~; opE:rators a~; tht:y \1vn?stle vv~th tf:E: inc:rea:;ing 
ct;n~pkxitir.~s of thei~· evoiving 'ldworks. We prm::de smut <:ncl U'l:fied 
hE:terog<::nE:ou!; net\ivork~;. Ai! net:\\'ork 1~.~Ts and fcy t:rs cr:n be: vk:vvEd as 
<: !ogfc~~uy un~i1£:d net,.tvcrr. ;;vtth ;.~utornatt~c.1 rnanag~;rrH?nt V!{: the <:v-iard 
whni;1g Nokia Networks' SON Soiution, kr:~)Wr~ as iSON. This provi~Je::; 
s~?arn!es!; irrte!·'.rvor~~ing and an uncernprornfslng quality af experit?nc~? for 
~~nd u~;~:!rs - :::v{::n :n a r.1r.:1t:-vE~ndor r.::nvirGnrnt:-r:t. 

in othE:r vvords, No}: ~a N~:tvvorks provide:; so~ut;ons fDr both c:ovE~rage 
and capacity. ·n1is is a unifled approadi •Nith ~'ervice~:; tha:: deiivers most 
optirnized i iet Nc;:t so!utk1ns for ail use cases, en<Jb1ing operate rs to 
servt!' tht? g:·o\\1ing Cernand fer rnc~bd£~ d<~ta v-ihili!! ~eE:ping costs firrnh,1 
under u.Jntw!. 
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Don't worry - Mobile 
broadband is profitable 
Foliowing the suc.cess of mobile broadband as a service, traffic shows explosive growth. But is i i 
profitable? Dimensioning networks and f1gm·in~~ ~~~~ ~h;::\ r!f~h~ pt·k~ and packaging hav:.:: worried 
some operators. A cost-benefit analysis based on ~~il!! ($F~l">"l~~-ss· ~:<i.l'~"li reveals that mobile 
broadband is, it~ f~~:~, very profi table. 

}- RECEN"T REPORTS (from Yankee Group and 
Heavy Reading) warn operators to be careful 
of lhe tn1ps they m(>}" fut:e when c~kulnting 
business cases. At the same time, an increas
ing munber of operators are betting heavily 
on mobile broadband and posilioning it as 
an ailemative to DSL or cable. T hese oper'J · 
tors are seeing t remendous subscriber 
growth, reaching typit.:<llly 3 percent even 
as high ass percent - of the population after 
1.wo or fewer ye~ rs of offering the servke. 

Ericsson, after more than two years of 
research in close cooperation wich 18 
operators, has come to a clear conclusion: 
Mobile broadband business cases show 
ltigh profit margins, even if the operator is 
only a pure bit-pipe provider catering to 
lhe 1H>t'<ls of subscribers using computers. 

Here is a snapshot of a cost-benefit anal
ysis based 011 n:;il and fon:c;asted <:Osls and 
revenues_ (see graph 1) 

This an<1lysis is made Man i1westment 
case, meaning !hat any c;osts that occurred 
prior lO the cledsion to bunch mobile 
broadband are conside1•ed to he sunk costs. 
The result, f?vt:11 :1fter only a few years :md 
with good but not aggressive growth, 
shows ma rgins in line with or above wh.<•t 
operators typically generate today. The 
c;ond11sion at r,his stage is that mobile 
broadband p1ovkks a great addition lo any 
opcrawr's business, and can match and 
compe(e effecti\•ely wid1 Dl>t. 

To substantiate this, we must look at 
what costs 3 !)SJ, oper;.1tor may lun-e_ T he 
typical cost per subscriber per month for 
dH; unbundling l~'e can v:irr by F.1;~ s - 10 
(phL~ equipment}. It can go up to E\JR i5- 30 

in a whole~ale (bitstream} situation for fiber 
and VDSI.. for an opet':lLOr owni11g lite cop· 
p<'r lint>S (as.~uming all NJUipment i< written 

off}, the opcx per subscriber per month 
ranges from "'F.Lm 3 - 5 in urh"n area~ and 
rises to EUR 6·- rn in mral areas, depending 
on the qualiry of t he copper nl'twork. 

The compar3ble costs for mobile broad
band 3rc the network opC'X and capcX
Adding t he cost for U1e sites, assuming 
average traffic of 2Gll per subscriber per 

month, of which S pe1·cenl at busy hollr, 
the network cost comes to around EllR 

1.,5 '!.per suh~<:riber in rt suburban or 
rural area if the network is reasonably well 
utilized. In a network where the opt·rMor 
already has sites available, from a 2G net
work. and i11 an urban area with ltigher llli· 
lization, the equivalent network cost per 
$ubscriber is below EUll '. 

H ow Wt CALCULATED 

To clarify Ollr method, let's start with a 
cost ~nalysis for just a radio b:ise s tation. 

Base stations account fo1 a substantial 
part of an operator's mobile broadband 
cosls, bec;ause of the large number 
deployed. A typical radio base station 
(Node B) in :ln HSI'A mobile network, offer·· 
ing 7.2Mbps, with a three-sector confir,u
r<ilion <ind a cdl (:<1p"c:ity of apvroximately 
.iMbps (3x4 Mbps totaling 12Mbps), costs 
up to i;u11 40.000- This investment is 
depredated over 5 - 10 years. 

Most 1wople look <it mobile bro<1dh1'111d 
production cost in terms of cost per giga
hyl e (Gs), :md somel'imes as cos1 per sub
scriber. as we did in the DSL comparison. 
l,e(s stnrt with the GB cost to see what ~n 
operator can get out of one NodeB- In Lhis 
cak11lation we lcav<' out sit(' acquisition/ 
build, wltich is typically depreciated over 
is-20 )'cars and only has a small impact 
on tl1t~ i:csuh, :.1Hhougli it reprcsenls" !urge 
investment. Some basic assumptions arc: 
~ Al 'Mbps it is possible to downlo~d 

approx.imatdr 300GB in a month (28 
days), (1 Mb - 125,00<) bytes x 86, 400 

seconds per day.} 
!>-· liach suhscribl'r g<'ncratcs "n averng<' of 

2G11 per momh. 
l>' Dep1·eciatio11 is five ye>Hs. 
i>' Cell capacity is 4Mbps (GRAK£2, 

l6QAM, 10 Cod .. s, and •• soom suburhan 
cell. Result.from Ericsson Radio Network 
l'la1111i11g Tool and measurements i11 
retil·life networks.) 

Wllh a U1eoretical maximum of over 
43 ,oooGJ3 per year, the production cost 



using this site would be EUR o.i 7 per GB or 
£\JR 0.34 p<'r subscriber per month. No sire 
will ever be utilized toils theoretical rmixi
mum, bur it could be used up co and above 
so percent.. Thus the cost per GB lands at 
EUR 0.34 and the cost per sub·scriber nt 
eun o.68 per month. Adding the site acqui · 
sition/bnild into the equation with, for 
ex;:tmplf', a P..un l 001000 invest rnent depre-
ciated ove1· 20 years results in around EUR 

0 .55 per GS. A mol'<' londed site with a 3x2 

configuration brinss this cost down to 
around EUR 0.37 p<:-r GH. A shared 2G/3G 
site with a 3x2 configuration costs around 
!SUR 0.26 per GB. 

If we do the s~me type t>f cak:ulat ion for 
the equivalent of a NodcB in a DSL net· 
work, nt1mely rh f' OSI.AM, the result is ,is 
follows: Assmning a price of arOlmd EUR 

:w.ooo and an existin~ site in a subwban 
scenario with an average speed of around 8 
Mbps, the price per Cl':l is arotmd ElfR 0.27. 
The opex related to maintaining the cop
per lines will of cottrsf' i1dd ro I his c:ost and 
adds another EUR 0.25- 0.30 if we assmne 
the cost to be sh~red wich voice ((•OTs} :tnd 
an average consumption ot 10GB per 
month. 

Trnffic distribution in the networks Eric· 
sson is monitoring (some 30 deployed 
around lhe world) shows lhat only a few 
sites carry most ot the traffic. A normal 
sc:emirio shows around 20 per<;t'nl of th .. 
sites carrying more than so percent of total 
network tr:tffic. 

This means thaL most of Utt' sites 
deployed in a network. whether for voice 
01· broadlmnd, can be considered "c:ovt'1" 
age'' sites. The nmnber of sites carrying 
heavy lrn fllc i.s even lower, perhaps :1 s 
percent for broadband. These sites will be 
the fir st to reqnire upgr~ding to "second 
canier" or high<'r modulation sch<'mes to 
pt0vidt' better capacity. But they ar<: usu· 
all)' Uw sites that provide the shortest pay
back time. 

Considering U1at cost per GB is related to 
how Llie nodes nr e used, the ()per.JI.Or's 
challenge is to make use of available free 
capacity rnLher than risk congestion. 

THE IMPORTANCE OF SCALE 

\Vhcn subscriber munbers increase, both 
tr,iflk and revenu<• rise. (s,,cgn1plr 2) The 
opcmtor will eventually have co inve"st in 
more capacity, in the form of addi tional 
carriers, each t.t5ing sMHz of the WCDMA 

spectrum. t:ach added carrier represents an 
investment. Because these investments ai·e 
driven by traffic from more subscribers. 
there is. of course, a correlation lo revenue. 

That makes the ability to improve cost-
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efficiency in1portanr; otherwise, margins 
would slowly dctcriorat•' as users demand 
more capacity and tariJTs am lowered. 
/\kcting this requirement is what the tech
nical evolu tion is all about. C'.onsider a 
given site configuration, starting at 
7.2Mhps and goi.ng up lo 21Mhps using 
HSPA Evolution, which adds a cost of 
around 1.0 - 15 percent. At the samt- l'ime, 

capacity increase is around 70 percent. 
Going to C'\'<'11 higher Spe'<'ds using dun! 
carriers and othe1 features improves the 
site's efficiency. 

Let's look at a site wici1 a cell radius of 
4oom using ioMhz spectrum and Mll»l<l ..._ 

(graph 1) 
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In the long run, unli.mited flat rat;e with a fai r
use clause is potentially cheaper and more profita
ble for the operator than bucket plans. 

(graph 31 
HSPA network costs 

~ (zGBfmonth, 8 percent busy hour). It has a 
cap,;biliry to handle ov•'r 4000 suh,cl'ihers 
at 50 percent load. That cell radius equals 
approximat<'I}' ~~ km' nnd can be compared 
lo New York with arom1d -:i.s,ooo people 
per km~. Assumins an operator gets 30 
percent of the total population, that equals 
3,750 subscribers per site. 

Thest• .-~;,mples show only t lw cost per 
GB for a NodcB. But ifwc look at the entire 
HSPA netwol"k (reasonably well utilized, 
with the cost of site acquisition and build 
included), we see that all ws(s, im:ludu1~ 
the radio network controller (RNC) and the 
core nodes scsN and GGSN. typi<.-a lly rep
resent a small part of the total cost per GB. 

Th., mobile hackhaul and optical 1 ransmi' · 
sion in the core cost less than EUR 0.1 per 
ce compared ro a 3x2 NodeB at i;u r~ 0.37 
per GB. (see gi·apli J) 

ftfAL-LIFf BUSINESS CASES 

Simple calculations don't tell the full srnry 
of a real lmsi11ess, hut they prl>vide a good 
uidicator. Let's tum our focus to real-life 
c;.t.ses, b~1sed on research i11 <:oopt::n1tio11 
with established operators from all parts of 
the world. 

Ericsson h~s dewloped & r.ool to make a 
<:omplete c:11d -ll>-end analysis, indudin!;\ ~ II 

aspects rclev3nt rn the business case. Even 

Network costs ate less than EUR 1,0 per GB 

New sites Including site acquisition and build 

Nole: Well u1ilized network. fully allocated costs - new site 
I 00.000 t for passive pa rt. 20 years deprecia lion 

TOTAL 
'""'""'""~'" 
~ ;).tm €.,!Gt~ i 
"'·-··-·····--·--· 

voice and SMS traffic, though not part of 
mobile broadband, should be considered 
because they affect overall network dimen
sions. Mobile broadband must share ner
work capaciry with other services, espe· 
dally the radio hearer, and voice in partic
ular. All operators in our research have a 
3G network covering 40-70 percent of 
their respective populat i()ns. 

\Xie have noticed that operators often 
st m gglc " •ith l heir own cnlculat ioris 
because of difficulties in identifying or 
allocating <:osts that are stridly related lo 
mobile broadband. 

In our work lo produce re-,11 bu sines.~ case 
examples, we have proceeded as follows: 

Analysis is hasi;:d on existing trnlfic pat
terns and forecasts, creating a scenario for 
the nex.t five ye:irs. The lTal'fic and sub
scriber growth scenario determines the 
capacity required in a ll nodes including 
radio and backhaul. and thus drives <:Osl 
over the five-ycaI scenario. The case 
indudes all non-net work costs. such as 
handset subsidies, marketing. and cus
lorner CiJre. Allho tJgh marketin~ C()~ts, for 
example, may be much higher initiaU)'· we 
believe t har wit hin three to five years they 
will stabilize at a level similar to today. 
Therefore, the n<m-11 Plwork costs will be 
around 40 percent of revenue for a West
ern \\fOrld operator al'lcl so1newh~l( lower in 
l ow-ARPU 1-egions. 

An:1lrzing a static: network won't sarL<fy 
an operator looking for real-life answers. 
So we look Al k<'}' areas where there are 
qut>stion marks. 
\~hat would happen, for instance, if traffic 

pe.r sub~criher inc:rt,as~d d rHn1(1ti01llr? No1 

the ~tatistical average, which can increase 
bec:nu'\e a fow users ge:~ner.Jlt" huge arnounts 
of data, such as when llslng peer-co-peer; 
but rather a traffic increase that ~n opt'1~tor 
must (.-Onsider when dimensioning the net
work. W/c alslJ invl'Si;ig:itr what would hap
pen if an opemtor moved away from fafl'i 
(backhaul on leased lines) and used micro
wave links insread. Finally we consider what 
t'ffects that· variations in •••bscriher uptake 
could have on the business case. 
Th,~ graph (see g1·aph 4) shows how an 

increase of t raffic per subscriber affects 
profitahility, assu.nung all other thinf!S arc 
equal. We conclude that, within limits. we 
can maintain strong profitabilii)• even if 



traffic increases drasclcally. In the scenarios 
modckd with np1'rntors. shown in che 
graph, we have calculal1:d with network 
capabilities up to 21Mbps, being intro
duced i.n some networks during 2009. But 
we need to rem1~mber that technology is 
ev<ilving ver y fast. When allowing t he nel · 
work to evolve all t he way into a five-year 
scenario and assuming spccds up (<) 

56Mbps, we have the tools we need to keep 
up with demand and remain profttahlc. 

The most irnpot'tanl element of profita· 
bility i.~ subscribers payin g for the service. 
The graph shows how pmfitability drops 
unless enough subscribers are added (see 
graphs). Mnny operntor.; sl·ill have a long 
way to go before they have enough sub. 
scribers to be profitable. Al the same lime, 
we do see a few operators who, after lwo 
years, have reached a population pe11elJ:a · 
ti.on abon~ what we use in this sensitivity 
analysi,;. What st ill has t1n efft:?cl on the end 
result for· these operators is the amount of 
nodes I hat lhey hrive bum ()ul so hor. Tht! 
popnlation coverage does vary between 
oper.itors and the prerequi5ites v-,1ry by 
country. The Nordic countries for example 
have quite low population densit)• and 
therefol'e req uiJ:e more sites per inhabilam 
than countries with high population density. 

HANDLI NG THE THREATS 

If distribuf'ion Gost per CB is <.:ounled in 
enro cents, and traffic is not an issue al 

mos1. of the sites, why do we keep hea ring 
that traftlc will kill the net.\.,orks'? 

'r'hc!' rnost <:on1mon ~'rgurn~n t ~ Lh:'tl 
heavy downloadini; throui;h file sharing via 
p••t:r· I O· t><;t:r "Pplica(ions gem'r~ks hug<' 
amounts of traftk. As a consequence, few 
operators dnrl' ndopt the de fac-ro price 
model on wireline broadband, namely, 
unlimited lht rate. t:vcn t hough t his flat 
rate promotes subscriber uptake and is 1.he 
easiest pricing for consumers to under· 
sland, (lperolo1-s still W()r ry ~hont uncon · 
tmlled costs from heavy increases in traffic. 

A II or most mo hilt:? nel w~>rks today ha n: 
been running voice, SMS, MMS. and some 
mobile daca tl'affic. None of th~se have gen
erated much tr'dmc per subs~Tlb<:r. Revenue 
growth h~~ hc1m well a ligned with traffic 
growth (and thus trnffk i.:ost} per· ~ub· 

scriber. Then along came this new service 
lh;ll, cnmpMed to SMS. for <:xMnplc: • .-.asily 
gc!nerate!-i 1 o, ioo, c,)r evt·n l.O(>O rimes 1non!' 
traffic per subscriber. This has triggered a 
knee-je rk reaction among operators. who 
1J1ink that such a service can'l be profitable. 

The three applications generating the 
highest volume on the inten 1et today are 
peer-to-peer file sharing, web browsini;. 
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(graph 41 
Economies of scale 

Data usage does not significantly impact the business 
case due to economies of scale 

Network cost par GB per month 

Dimensioning traffic per subscriber per month 

(graph SI 
Customer uptake: The driver for profitability due to economies of scale 
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and vidt>o st.reaming. Peer·to·peer alone 
accounts for over (>0 per·cmt of all hou.ie· 
hold-genernt<:d traffic. And with Ll'affic pel' 
subscriber inCrellsing :;r a ye~irly rate of 30 

pcrcc:nt, driven mainly by file sharing. we 
should lo(lk :'ll pi>f•r·to · p~er for opportunity. 

Operators wane as many profitable sub-· 
scrihcrs as po~siblc. '1 his mean~ rhar 
investments made in the network are 
driven by the bulk of subscribers and not 
by a few heavr users. Ericsso11 addresses 
this by introducing traffic-handling prior-
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fgraph 6( 
Traffic handling priority 

I 
lleavily loaded cell, fi lled by p2p traffic -
Regular users still experience the full bandwidth 

I Bandwidtl,....1 ---,,l<'""""-
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ity throughout the network, which allows 
rhc network itself co mannge its resources. 
The operator must introduce a fair-use 
daus.~ in the subscriber's contr3ct so it con 
maunge heavy usage intelligently. Most 
commonly, mobile broadband operators 
use unc:onditionnl t hrotdi ng tod<oy, which 
means that once the fair-use level is 
re:oched, the ihn:mghpul drop< lo" precl1:
termined level. Typically, though, t hese 
spC'<'ds don'r a llow for meaningful use- of 
the broadband connection. 

Traffic-handling priority (see graph 6} 
~ves dte heavy user a lower priorit}' in lhe 
network once the fair-use level is reached. 
Th!.! heavy user exp eriences a degraclnt ion 
of the service only when competing for 
resources in a C:C)rtgest.ed sif-uation. But in 
peer·to·peer, the experienced reduction of 
t.he t lu•oughput. will. over time, be limited. 
Only in heavily loaded cells does a peer-ro
peer user experience serious pi·oblenos. 
Those sites would soon be targeted for 
cnpadty upgr<1des since it is 11orm;1f us:.ige 

t.hat is creating t he congestion. 
Traffic-handling priority allows :111 oper· 

ator to focus on dimensioning the net.work 
for normal usage whik• still a llowing 
wtlimited or "'all you can eat" tmffic. The 
consttmer gets better overall qua I icy and 
lhe com fort of using an unlimilecl service 
that does not generate surprises on the bill. 

111 the long nm, 11nli111it.ed n .. t. rate wit.Ii ~· 
fair-use clause is potentially cheaper and 
more profitable for the operator than 
bucket plans. Subscriber upt~tke aside, we 
sec that bucket size is increasing drasti
cally, dl'iven by competition and as a way 
means to segmem t he market. It's probably 
foir lo assttme tlu1t buckets of io, :uJ, or 

illllllllll Bittorrent 
~ 

Tim A 

even SOGB already on the marl<et must be 
fulfilled by the operators. With bucket 
plan;, the traffic volumes for dimensioning 
tlw network would contintt31l)' increase, 
and the only limitalion the operator has is 
the bucket size. However, the fair-use level 
for an unlimited flat rat<' offer may not 
need ro change at alt or at least very little, 
over tin-1e sine~ it dot!s prov idP an "a l1 yon 
can eat" model. The segmentation is 
inMcad achit'Ved through speed and price. 

Unlimited flaL rate is a complex issue, 
and it is difficult to predict what will actu
ally happen in a network when this model 
is applied. A lthough t he model docs allow 
each ust>r to gent>rat•· as m uch as they 
want, other factors influence the outcome. 
Tlw opernror's chosen posilion in l h <> mar· 
ket determines which Sltbscribers it 
aluads. This in tum defines the behavior 
ot its subscriber base. Great variations 
ex isl between 01)eralo1s in Lhe same mar
ket with similar packaging and pricing. 

We have b;osed Lhis pricing discussion 
entirely on l'C·based subscribers to prove 
f·h;it t here is good profitability even in 
offoring a simple bit pipe. Innoducing 
intelligent management functions in the 
n etwork allows t.he opernlor to handle all 
sorts of situations. such as separating appli· 
calion slreams fron1 each other, o r v:trying 
tr-affic - and perhaps pricing - depending 
(>n (ime of day; o r giving d ifferenl priority 
to smartphone users over PC users; or giv
ing paying mobile·TV viewers 3 higher pri · 
ority lhan "best t>ffort" internet. T he possi· 
bili lies Clre ne~rly endle%, and it c:om forts 
operntol's to know chey t?xist. 

W lwn we add I ht'm :1ll 10gt!lher and put 
them on top of t he simple bit pipe, we 
improvP on ;in alre~d)' powPrfol conct>pt 
that will continu<" to g<mernte good profit 
for operators in rhc future. 

Aud fim1lly, il is nice to get t11e kind of 
confirmation we recently received when 
011~ of El'k.s~on's c;u sto1ne1s reporled to u~ 

that its current cost per Gll for mobile 
hrondb;..u'ld is n O\V d<Jwn befo,v E.tm 'J., af(er 

only two yeai-s of opeiari.on. ~ 
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